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COMPOSITIONS AND METHODS FOR REGULATION OF 
TUMOR NECROSIS FACTOR-ALPHA 



This invention was made in part with government support under grants AI- 15614 
5 and HL-68743, from the National Institutes Health. As such, the United States government 
has certain rights in the invention. 

FIELD OF THE INVENTION 

The present invention relates to compositions and methods relating to an interleukin- 
10 18- inducible cytokine termed tumor necrosis factor-alpha inducing factor (TAIF) or 
interleukin-32 (IL-32). In particular, the present invention provides compositions and 
methods for treating autoimmune diseases and cancer, in part by regulation of tumor 
necrosis factor-alpha expression. 



15 BACKGROUND OF THE INVENTION 

Rheumatoid arthritis (RA) is a common chronic inflammatory arthritis that affects 
about 1% of adults worldwide, with a female predominance and a peak onset in the fourth 
decade of life {See, Firestein, "Rheumatoid Arthritis," in Scientific American Medicine, 
2000; and Cohen, "Systemic Autoimmunity," in Paul (ed.) Fundamental Immunology. 
20 Lippincott-Raven Publishers: Philadelphia, pp. 1067-1088, 1999). Intense inflammation 
occurs in synovial joints, with infiltration of the synovial membrane by mononuclear 
phagocytes, lymphocytes and neutrophils, causing significant joint pain. In addition, RA 
patients generally develop loss of cartilage and bone around joints, which leads to a loss of 
mobility. 

25 Although the cause of RA has not been precisely defined, various characteristics of 

the disease are indicative of an autoimmune component to RA etiology. In particular, 
macrophage and fibroblast-derived cytokines are abundantly expressed in rheumatoid joints 
(Firestein et aL, J Immunol, 144:3347, 1994). Tumor necrosis factor alpha (TNFa) and 
interleukin-1 (IL-1) appear to be the major pathogenic factors, in that both can induce 

30 synoviocyte proliferation, collagenase production, and prostaglandin release, while 

overexpression can induce arthritis in animal models (Firestein, supra, 2000). IL-1 8 is also 
present in RA joints and can directly activate macrophages to produce proinflammatory 
cytokines (Gracie et aL, J Clin Invest, 104:1393, 1999). 
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Current RA therapies are directed to analgesia, control of inflammation, and 
alteration of the disease course. More aggressive treatment approaches are now frequently 
adopted, with RA patients rapidly requiring a switch from non-steroidal anti-inflammatory 
drugs (NSAIDs) to a second line reagent such as methotrexate. Unfortunately, methotrexate 

5 alone does not adequately control RA in most patients, causing physicians to select either 
add-on therapy or a series of single agents (Firestein, supra, 2000), for example 
leflunomide, sulfasalazine, or a TNF inhibitor. TNF-inhibitors that have been used with 
some success to treat RA include TNF-reactive monoclonal antibodies 
(infliximab/REMICADE and adalimumab/HUMIRA) and a soluble TNF-receptor 

10 /immunoglobulin fusion protein (etanercept/ENBREL). However, it is desirable to provide 
clinicians with additional therapies to use alone or as cocktails to halt the progression of this 
debilitating disease. 



SUMMARY OF THE INVENTION 

15 The present invention relates to compositions and methods relating to an interleukin- 

18- inducible cytokine termed tumor necrosis factor-alpha inducing factor (TAIF) or 
interleukin-32 (EL-32). In particular, the present invention provides compositions and 
methods for treating autoimmune diseases and cancer, in part by regulation of tumor 
necrosis factor-alpha expression. 

20 The present invention provides purified nucleic acids comprising a sequence at least 

80% identical to SEQ ID NO: 15, wherein the sequence encodes interleukin-32 (IL-32), and 
wherein the sequence comprises exon 3 and exon 4 of IL-32 in substantially contiguous 
association. In some preferred embodiments, the IL-32 is: an alpha isoform comprising the 
amino acid sequence set forth as SEQ ID NO:7; a beta isoform comprising the amino acid 

25 sequence set forth as SEQ ID NO:8; or a delta isoform comprising the amino acid sequence 
set forth as SEQ ID NO: 10. In other embodiments, the sequence lacks intron 4 of IL-32, 
while in particularly preferred embodiments, the sequence is at least 90% identical to SEQ 
ID NO: 15. Also provided are purified nucleic acids, comprising a sequence selected from 
the group consisting of SEQ ID NO:3, SEQ ID NO:4 and SEQ ID NO:6. In some 

30 embodiments, the sequence is operably linked to a heterologous promoter. In preferred 
embodiments, the nucleic acid is contained within a vector. Moreover, host cells . 
comprising the vector are provided. 

In addition, the present invention provides purified proteins encoded by nucleic 
acids comprising a sequence at least 80% identical to SEQ ID NO: 15, wherein the sequence 
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encodes interleukin-32 (TL-32), and wherein the sequence comprises exon 3 and exon 4 of 
IL-32 in substantially contiguous association. In some preferred embodiments, the IL-32 is: 
an alpha isoform comprising the amino acid sequence set forth as SEQ ID NO:7; a beta 
isoform comprising the amino acid sequence set forth as SEQ ID NO:8; or a delta isoform 
5 comprising the amino acid sequence set forth as SEQ ID NO: 10. In other embodiments, the 
IL-32 is not a gamma isoform, while in preferred embodiments, the IL-32 does not 
comprise the amino acid sequence set forth as SEQ ID NO: 14. In some preferred 
embodiments, the TL-32 is a recombinant protein expressed in a cell selected from the group 
consisting of a bacterial cell, a yeast cell, an insect cell, and a mammalian cell. In a subset 
10 of these embodiments, the recombinant protein is a fusion protein. 

Also provided by the present invention are antibodies, which bind to IL-32. In some 
preferred embodiments the antibody is a monoclonal antibody, while in other embodiments, 
a Fab fragment of the monoclonal antibody is provided. In some embodiments, the 
monoclonal antibody (mAb) is chosen from but not limited to 32-4 and 32-9. Hybridoma 
1 5 cells that produce the 32-4 mAb are being deposited with the American Type Culture 
Collection (ATCC), 10801 University Boulevard, Manassas, Virginia 201 10-2209. 
Likewise, hybridoma cells that produce the 32-9 mAb are being deposited with ATCC. 
Additionally, in some preferred embodiments, the monoclonal antibody is chosen from but 
not limited to a chimeric monoclonal antibody, a humanized monoclonal antibody, and a 
20 human monoclonal antibody. In a subset of embodiments, the monoclonal antibody inhibits 
IL-32-induced TNFa production by a target cell, inhibits IL-32-induced IkB degradation in 
a target cell, and/or inhibits rapid IL-32-induced p38 MAPK phosphorylation in a target 
cell. 

Moreover, the present invention provides methods for inducing TNFa production, 
25 comprising contacting at least one cell with an IL-32 protein under conditions suitable for 
inducing TNFa production. In preferred embodiments, the IL-32 protein is selected from 
the group consisting of an alpha isoform, a beta isoform, a gamma isoform and a delta 
isoform. In some embodiments the at least one cell comprises a leukocyte, while in a subset 
of these embodiments, the leukocyte is selected from the group consisting of monocytes and 

30 macrophages. 

Also provided by the present invention are methods of treating a subject, 
comprising: providing a subject and an antibody that binds TL-32; and administering the 
antibody to the subject. In preferred embodiments, the IL-32 is selected from the group 
consisting of an alpha isoform, a beta isoform, a gamma isoform and a delta isoform. In 
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particularly preferred embodiments, the subject has, is suspected of having, or is at risk of 
having an autoimmune disease. In some embodiments, the autoimmune disease is chosen 
from but not limited to multiple sclerosis, myasthenia gravis, autoimmune neuropathy, 
autoimmune uveitis, Crohn's disease, ulcerative colitis, primary biliary cirrhosis, 
5 autoimmune hepatitis, autoimmune hemolytic anemia, pernicious anemia, autoimmune 
thrombocytopenia, type 1 diabetes mellitus, Grave's disease, Hashimoto's thyroiditis, 
autoimmune oophoritis and orchitis, temporal arteritis, anti-phospholipid syndrome, 
Vasculitides, Behcet's disease, rheumatoid arthritis, systemic lupus erythematosus, 
scleroderma, polymyositis, dermatomyositis, spondyloarthropathy, Sjogren's syndrome, 
10 psoriasis, dermatitis herpetiformis, pemphigus vulgaris, and vitiligo. The present invention 
provides antibodies chosen from but not limited to a human monoclonal antibody and a 
humanized mouse monoclonal antibody. In preferred embodiments, the administering is 
done under conditions suitable for alleviating at least one symptom of an autoimmune 
disease. 

1 5 Furthermore, the present invention provides methods for screening for inhibitors of 

IL-32, comprising: providing an EL-32 protein, and at least one drug candidate; and 
analyzing the effect of the drug candidate on at least one activity of the IL-32 protein. In 
some embodiments, the IL-32 protein is a recombinant protein selected from the group 
consisting of an alpha isoform, a beta isoform, a gamma isoform and a delta isoform. In 

20 preferred embodiments, the drug candidate is chosen from but not limited to an IL-32- 
reactive monoclonal antibody, and a dominant-negative IL-32 variant. In particularly 
preferred embodiments, the at least one activity of the IL-32 protein comprises upregulation 
of TNFa expression. 

Also provided by the present invention are methods of treating a subject, 

25 comprising: providing a subject and an IL-32 protein; and administering the EL-32 protein 
to the subject. In preferred embodiments, the EL-32 protein is a recombinant protein 
selected from the group consisting of an alpha isoform, a beta isoform, a gamma isoform 
and a delta isoform. In particularly preferred embodiments, the subject has, is suspected of 
having, or is at risk of having cancer. 

30 The present invention also provides methods and kits for measuring IL-32 

concentration in sera of a subject comprising providing sera from a subject and a EL-32- 
reactive antibody, and screening the sera with the antibody under conditions suitable for 
quantifying IL-32. In some embodiments, the subject is an autoimmune disease patient, 
while in other embodiments, the subject is a sepsis patient. In some preferred embodiments, 
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the screening is accomplished by electrochemiluminescence assay, while in other 
embodiments, the screening is accomplished by enzyme-linked immunosorbent assay. The 
IL-32-reactive antibody, in some embodiments, is chosen from but not limited to a 
polyclonal rabbit and human-IL-32 antibody, and a monoclonal mouse anti-human IL-32 
5 antibody. 

DESCRIPTION OF THE FIGURES 

Figure 1 shows the expression and activity of a functional IL-18R0 chain in human 
A549 lung carcinoma cells. Panel A provides the results of an RT-PCR analysis of IL- 
10 18Rp expression in transfected and wild type A549 cells. Panels B and C provide graphs 
depicting IL-6 and IL-8 secretion respectively, in response to DL-18 (50 ng/ml) stimulation 
in transfected but not wild type A549 cells after 16 hours (N=7). Panel D shows the 
induction of NK4 (IL-32) RNA expression in transfected cells, in the presence and absence 
ofIL-18. 

15 Figure 2 graphically depicts the induction of TNFa expression upon treatment of 

mouse Raw 264.7 macrophage cells with recombinant IL-32cc (TAD?) in the presence of 
polymyxin B. Panel A shows that the level of recombinant IL-32a in ion exchange 
chromatography fractions correlated with the levels of TNFa secreted by treated cells. 
Each ion exchange chromatograph fraction is shown after 10% SDS-PAGE followed by 

20 Coomassie blue staining. Panel B shows that recombinant IL-32a expressed in bacteria 
induced TNFa expression in a dose-dependent manner. Panel C shows that recombinant 
EL-32a expressed in mammalian cells also induced expression of TNFa. The amount of 
recombinant EL-32a was estimated by immunoblot. 

Figure 3 provides an alignment of the DNA sequences of the open reading frames of 

25 the four IL-32 splice variants (LL-32a disclosed as SEQ ID NO:3, IL-32J3 disclosed as SEQ 
ID NO:4, EL-32y disclosed as SEQ ID NO:5, and EL-325 disclosed as SEQ ID NO:6). The 
alignment was done with the ClustalW program (available on the web site of the Swiss node 
of EMBnet) and manually corrected. Myr and Gly indicate potential N-myristoylation or 
N-glycosylation sites, respectively. 

30 Figure 4 provides an alignment of the four human IL-32 splice variants in panel A 

(IL-32a disclosed as SEQ ID NO:7, IL-320 disclosed as SEQ ID NO:8, IL-32y disclosed as 
SEQ ID NO:9, and IL-328 disclosed as SEQ ID NO: 10), as well as an alignment of IL-320 
protein sequences from several mammalian species (human sequence disclosed as SEQ ID 
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NO:8, equine disclosed as SEQ ID NO:16, and bovine disclosed as SEQ ID NO:17). The 
alignment was done with programs available on the web site of the Swiss node of EMBnet, 
and manually corrected. 

Figure 5 depicts the structure of the human IL-32 gene on chromosome 16pl3.3, 
5 with exons depicted by stippled boxes. The numbers above and below the schematic of the 
IL-32 gene delineate the eight exons, while the sequence of this 5 kb genomic fragment is 
disclosed herein as SEQ ID NO:l 1. Splicing of the four EL-32 variants (a, p, y and 5) is 
also shown. 

Figure 6 illustrates that rEL-32 induces proinflammatory cytokines in both 

10 macrophage cells (Raw) and monocytes (THP-1). Panel A indicates that rEL-32a produced 
in E. coli induces both MIP-2 and TNFa secretion in a dose-dependent manner. IL-32 
concentrations are indicated in units/ml on the x-axis. Panel B shows that both IL-32a (10 
U/ml) and IL-32P (10 U/ml) variants activate mouse Raw 264.7 macrophage cells. Panel C 
provides a graph of human and murine TNFa induced by various sources of IL-32p. Raw 

15 cells and PMA-differentiated-THP-1 cells were treated with 1 U/ml of Anjou65 and Cos-7S, 
or 2 U/ml of Cos7-T. IL-32a produced in E. coli and IL-32p produced in mammalian cells 
induced TNFa expression in PMA-differentiated THP-1 cells in a dose-dependent maimer. 
Panel E illustrates that high concentrations of E. coil rIL-32a (20 U/ml) or mammalian 
rEL-32p (Anjou65, 10 U/ml) induce IL-8 secretion in undifferentiated THP-1 cells. 

20 Figure 7 illustrates that E. coli rIL-32a and mammalian rIL-32p activities are 

neutralized by anti-IL-32 Fab (32-4) treatment (mean ± SEM of three separate experiments). 
Panel A shows the dose dependent reduction in TNFa secretion by mouse Raw cells 
cultured in the presence of E. coli rIL-32a (3 U/ml) and an anti-IL32 Fab. Panel B shows 
that mammalian (Cos7-S) rIL-32p (2 U/ml) induced mTNFa secretion was inhibited by an 

25 anti-EL-32 Fab (40 ng/ml). 

Figure 8 depicts the endogenous expression of IL-32 at both mRNA and protein 
levels. Panel A shows the expression of IL-32 mRNA in various human tissues as 
determined by Northern blot. The numbers on the left indicate mRNA size. Panel B shows 
that soluble DL-32 is present in cell culture supernatants as determined by Western blot. A 

30 stable A549-Rp clone was stimulated for 48h in the presence of DL-18 (50 ng/ml) or IL-ip 
(10 ng/ml), in the absence of FCS as indicated. The supernatants were harvested and 
probed with an affinity-purified anti-EL-32a antibody. 
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Figure 9 shows the detection of IL-32 in cell lysates. IL-32 production by Wish 
cells (panel A), A549-R0 cells (panel B) and A549-WT cells (panel C) upon stimulation 
with IFNy (100 U/ml), IL-1 8 (50 ng/ml) or EL-1 p (10 ng/ml) are shown. The data represent 
one of four independent experiments. IL-32 expression upon transient transfection of Cos7 
5 cells with IL-32a and IL-32J3 cDNAs was detected in cell culture supernatants (panel D) 
and cell lysates (panel E) by immunoblot. Panel F provides a comparison of IL-32 
concentration in supernatants and lysates as measured by ECL. The data represent the mean 
± SEM of five separate experiments. 

Figure 10 depicts the measurement of endogenous IL-32 by 

10 electrochemiluminescence (ECL). In panel A, IL-32 was detected by ECL assay in the 
same samples used for immunoblot in Figure 9B. In panel B, IL-32 was detected in the 
supernatant of a human NK cell line after treatment with IL-1 2, IL-1 8, or IL-1 2 plus IL-1 8. 
The data represent mean ± SEM of 4 separate experiments. In panel C, ConA 
induced-IL-32 was detected in both the supernatant and lysate of human PBMC (N = 7). 

15 Figure 1 1 depicts IL-32a-induced IkB degradation (panel A), and p38 MAPK 

phosphorylation (panel B), after IL-32a (20 U/ml) treatment of mouse Raw 264.7 
macrophage cells. For normalization purposes, the membrane was probed with goat anti- 
actin or rabbit anti-p38 MAPK. 

Figure 12 provides amino acid sequences of equine IL-32a (SEQ ID NO: 18) and DL- 

20 32p (SEQ ED NO: 16) in panels A and C respectively, as well as cDNA sequences of equine 
IL-32a (SEQ ID NO: 19) and IL-320 (SEQ ID NO:20) in panels B and D, respectively. 

Figure 13 provides amino acid sequences of bovine IL-320 (SEQ ID NO: 17) and IL- 
32y (SEQ ID NO:22) in panels A and C respectively, as well as cDNA sequences of bovine 
IL-320 (SEQ ID NO:21) and IL-32y (SEQ ID NO:23) in panels B and D, respectively. 

25 Figure 14 provides the amino acid (SEQ ID NO:24) and cDNA (SEQ ID NO:25) 

sequences of ovine IL-32a in panels A and B respectively. Also provided are the amino 
acid (SEQ ID NO:26) and cDNA (SEQ ID NO:27) sequences of swine IL-32a in panels C 
and D, respectively. 



30 Definitions 

To facilitate an understanding of the present invention, a number of terms and 
phrases are defined below: 



7 



WO 2005/047478 PCT7US2004/037578 

The term "gene" refers to a nucleic acid (e.g., DNA) sequence that comprises coding 
sequences necessary for the production of a polypeptide or precursor or RNA (e.g., tRNA, 
siRNA, rRNA, etc.). The polypeptide can be encoded by a full length coding sequence or 
by any portion of the coding sequence so long as the desired activity or functional properties 
5 (e.g., enzymatic activity, ligand binding, signal transduction, etc.) of the full-length or 
fragment are retained. The term also encompasses the coding region of a structural gene 
and the sequences located adjacent to the coding region on both the 5 f and 3 f ends, such that 
the gene corresponds to the length of the full-length mRNA. The sequences that are located 
5 1 of the coding region and which are present on the mRNA are referred to as 5 f untranslated 

10 sequences. The sequences that are located 3 ! or downstream of the coding region and that 
are present on the mRNA are referred to as 3 ? untranslated sequences. The term "gene" 
encompasses both cDNA and genomic forms of a gene. A genomic form or clone of a gene 
contains the coding region, which may be interrupted with non-coding sequences termed 
"introns" or "intervening regions" or "intervening sequences." Introns are removed or 

15 "spliced out" from the nuclear or primary transcript, and are therefore absent in the 

messenger RNA (mRNA) transcript. The mRNA functions during translation to specify the 
sequence or order of amino acids in a nascent polypeptide. 

In particular, the terms "TAIF gene" and "IL-32 gene" refers to the full-length IL-32 
nucleotide sequence. However, it is also intended that the term encompass fragments of the 

20 IL-32 nucleotide sequence, as well as other domains (e.g., functional domains) within the 
full-length IL-32 nucleotide sequence. Furthermore, the terms "EL-32 gene," "IL-32 
nucleotide sequence," and "IL-32 polynucleotide sequence" encompass DNA, cDNA, and 
RNA sequences. 

The term "plasmid" as used herein, refers to a small, independently replicating, piece 
25 of DNA. Similarly, the term "naked plasmid" refers to plasmid DNA devoid of extraneous 
material typically used to affect transfection. As used herein, a "naked plasmid" refers to a 
plasmid substantially free of calcium-phosphate, DEAE-dextran, liposomes, and/or 
polyamines. 

As used herein, the term "purified" refers to molecules (polynucleotides or 
30 polypeptides) that are removed from their natural environment, isolated or separated. 

"Substantially purified" molecules are at least 50% free, preferably at least 75% free, and 
more preferably at least 90% free from other components with which they are naturally 
associated. < 
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The term "recombinant DNA" refers to a DNA molecule that is comprised of 
segments of DNA joined together by means of molecular biology techniques. Similarly, the 
term "recombinant protein" refers to a protein molecule that is expressed from recombinant 
DNA. 

5 The term "fusion protein" as used herein refers to a protein formed by expression of 

a hybrid gene made by combining two gene sequences. Typically this is accomplished by 
cloning a cDNA into an expression vector in frame with an existing gene. The fusion 
partner may act as a reporter {e.g., Pgal), may provide a tool for isolation purposes (e.g., 
GST) or may increase the half-life of the protein in vivo (e.g., IgG Fc). 
10 Suitable systems for production of recombinant proteins include but are not limited 

to prokaryotic (e.g., Escherichia coli), yeast (e.g., Saccaromyces cerevisiae), insect (e.g., 
baculovirus), mammalian (e.g., Chinese hamster ovary), plant (e.g., safflower), and cell-free 
systems (e.g., rabbit reticulocyte). 

As used herein, the term "coding region" refers to the nucleotide sequences that 
15 encode the amino acid sequences found in the nascent polypeptide as a result of translation 
of an mRNA molecule. The coding region is bounded in eukaryotes, on the 5 1 side by the 
nucleotide triplet "ATG" that encodes the initiator methionine and on the 3 ? side by one of 
the three triplets which specify stop codons (i.e., TAA, TAG, and TGA). 

Where amino acid sequence is recited herein in reference to a naturally occurring 
20 protein molecule, the term "amino acid sequence" and like terms such as "polypeptide" or 
"protein" are not meant to limit the amino acid sequence to the complete, native amino acid 
sequence associated with the recited protein molecule. 

The term "wild-type" refers to a gene or gene product that has the characteristics of 
that gene or gene product when isolated from a naturally occurring source. A wild type 
25 gene is that which is most frequently observed in a population and is thus arbitrarily 
designed the "normal" or "wild-type" form of the gene. 

As used herein, the terms "mutant," "polymorphism," and "variant," in reference to 
a gene or gene product, refer to alterations in sequence and/or functional properties (i.e., 
different characteristics) when compared to the wild-type gene or parental gene product. In 
30 some preferred embodiments, the term mutant refers to a gene or gene product that differs 
from a parental gene or gene product as a result of mutation. It is noted that naturally 
occurring and induced mutants can be isolated; these are identified by the fact that they have 
altered characteristics when compared to the wild-type gene or parental gene product. In 
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addition, mutant genes can be artificially {e.g., site-directed mutagenesis) or synthetically 
produced in the laboratory. 

The terms "interleukine-32," "IL-32," "TAIF," " tumor necrosis factor-alpha 
inducing factor," "NK4," and "natural killer cell transcript 4," as used herein refer to a 
5 human EL-32 gene (e.g., Homo sapiens - SEQ IDNO: 1 1), and its gene products (e.g., wild 
type alpha, beta, gamma and delta isoforms, and variants thereof). IL-32 variants that differ 
from the wild type IL-32 sequences in fewer than 20% of the residues (preferably 10% or 
fewer, more preferably 5% or fewer and most preferably 1% or fewer), are also suitable for 
use in the methods and compositions of the present invention (this includes but is not 

10 limited to the gene product corresponding to the murine cDNA fragment disclosed as SEQ 
ID NO: 12). In contrast, the terms NK4, TAIF and IL-32 as used herein, do not refer to the 
internal fragment of the hepatocyte growth factor (HGF), designated as HGF/NK4 (or also 
simply NK4, for N-terminal hairpin domain and subsequent four-kr ingle domains), which is 
a specific antagonist of HGF (Date et al, FEBSLett, 420:1-6, 1997). 

15 As used herein, the term "hybridization" is used in reference to the pairing of 

complementary nucleic acids. Hybridization and the strength of hybridization (i.e., the 
strength of the association between the nucleic acids) is impacted by such factors as the 
degree of complementary between the nucleic acids, stringency of the conditions involved, 
the T m of the formed hybrid, and the G:C ratio within the nucleic acids. 

20 As used herein, the term "T m " is used in reference to the "melting temperature." The 

melting temperature is the temperature at which a population of double-stranded nucleic 
acid molecules becomes half dissociated into single strands. The equation for calculating 
the T of nucleic acids is well known in the art. As indicated by standard references, a 

simple estimate of the T m value may be calculated by the equation: T m = 81.5 + 0.41 (% G + 

25 C), when a nucleic acid is in aqueous solution at 1 M NaCl (See e.g., Anderson and Young, 
"Quantitative Filter Hybridization," in Nucleic Acid Hybridization, 1985). Other references 
include more sophisticated computations that take structural as well as sequence 
characteristics into account for the calculation of T . 

m 

As used herein the term "stringency" is used in reference to the conditions of 
30 temperature, ionic strength, and the presence of other compounds such as organic solvents, 
under which nucleic acid hybridizations are conducted. Those skilled in the art will 
recognize that "stringency" conditions may be altered by varying the parameters just 
described either individually or in concert. With "high stringency" conditions, nucleic acid 
base pairing will occur only between nucleic acid fragments that have a high frequency of 

10 
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complementary base sequences {e.g., hybridization under "high stringency" conditions may 
occur between homologs with about 85-100% identity, preferably about 70-100% identity). 
With medium stringency conditions, nucleic acid base pairing will occur between nucleic 
acids with an intermediate frequency of complementary base sequences (eg., hybridization 
5 under "medium stringency" conditions may occur between homologs with about 50-70% 
identity). Thus, conditions of "weak" or "low" stringency are often required with nucleic 
acids that are derived from organisms that are genetically diverse, as the frequency of 
complementary sequences is usually less. 

The terms "high stringency conditions" and "stringent conditions" when used in 

10 reference to nucleic acid hybridization comprise conditions equivalent to binding or 

hybridization at 42 °C in a solution consisting of 5X SSPE (43.8 g/1 NaCl, 6.9 g/1 NaE^PC^ 
H 2 0 and 1.85 g/1 EDTA, pH adjusted to 7.4 with NaOH), 0.5% SDS, 5X Denhardt's reagent 
and 100 jig/ml denatured salmon sperm DNA followed by washing in a solution comprising 
0.1X SSPE, 1.0% SDS at 42 °C when a probe of about 500 nucleotides in length is 

15 employed. 

"Medium stringency conditions" when used in reference to nucleic acid 
hybridization comprise conditions equivalent to binding or hybridization at 42 °C in a 
solution consisting of 5X SSPE (43.8 g/1 NaCl, 6.9 g/1 Nal^PC^ H 2 0 and 1.85 g/1 EDTA, 
pH adjusted to 7.4 with NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 jig/ml denatured 

20 salmon sperm DNA followed by washing in a solution comprising 1 .OX SSPE, 1 .0% SDS at 
42 °C when a probe of about 500 nucleotides in length is employed. 

"Low stringency conditions" comprise conditions equivalent to binding or 
hybridization at 42 °C in a solution consisting of 5X SSPE (43.8 g/1 NaCl, 6.9 g/1 Nal^PC^ 
I^O and 1.85 g/1 EDTA, pH adjusted to 7.4 with NaOH), 0.1% SDS, 5X Denhardt's reagent 

25 [SOX Denhardt's contains per 500 ml: 5 g Ficoll (Type 400, Pharmacia), 5 g BSA (Fraction 
V; Sigma)] and 100 jxg/ml denatured salmon sperm DNA followed by washing in a solution 
comprising 5X SSPE, 0.1% SDS at 42 °C when a probe of about 500 nucleotides in length 
is employed. 

As used herein, the term "Northern blot" refers to methods for transferring denatured 
30 RNA onto a solid support for use in a subsequent hybridization assay. Total RNA or 
polyA-enriched RNA is typically electrophoresed in an agarose gel, transferred to a 
membrane and probed with a radioactively-labeled DNA or RNA fragment to detect 
specific RNA sequences. Northern blots are routinely used in the art {See, e.g., Thomas, 
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Proc Natl Acad Sci USA 77:5201-5205, 1980; and Ausubel etal (eds.), Current Protocols 
in Molecular Biology, John Wiley & Sons, Inc., New York, 1994). 

The term "Southern blot, 11 as used herein, refers to methods for transferring 
denatured DNA, which has been fractionated by agarose gel electrophoresis, onto a solid 
support, for use in a subsequent hybridization assay. These methods typically entail the 
digestion of genomic DNA with a suitable restriction enzyme prior to agarose gel 
electrophoresis, transfer of the DNA to a membrane and incubation with a radioactively- 
labeled DNA or RNA fragment for detection of specific DNA sequences. Southern blots 
are routinely used in the art (See, Southern, JMol Biol 98:503-5 17, 1975; and Ausubel et 
al, supra, 1994). 

As used herein, the term "polymerase chain reaction (PCR)" refers to a method for 
increasing the concentration of a segment of a target sequence in a DNA mixture without 
cloning or purification (See, e.g., U.S. Patent Nos. 4,683,195, 4,683,202, and 4,965,188, 
hereby incorporated by reference). This process for amplifying the target sequence consists 
of introducing a large excess of two oligonucleotide primers to the DNA mixture containing 
the desired target sequence, followed by a precise sequence of thermal cycling in the 
presence of a DNA polymerase. The two primers are complementary to their respective 
strands of the double stranded target sequence. To effect amplification, the mixture is 
denatured and the primers then annealed to their complementary sequences within the target 
molecule. Following annealing, the primers are extended with a polymerase so as to form a 
new pair of complementary strands. The steps of denaturation, primer annealing and 
polymerase extension can be repeated many times (i.e., denaturation, annealing and 
extension constitute one "cycle") to obtain a high concentration of an amplified segment of 
the desired target sequence. The length of the amplified segment of the desired target 
sequence is determined by the relative positions of the primers with respect to each other, 
and therefore, this length is a controllable parameter. By virtue of the repeating aspect of the 
process, the method is referred to as the "polymerase chain reaction" (hereinafter "PCR"). 
Because the desired amplified segments of the target sequence become the predominant 
sequences (in terms of concentration) in the mixture, they are the to be "PCR amplified." 
When the template is RNA, a reverse transcription (RT) step is completed prior to the 
amplification cycles. Thus, this variation is termed "RT-PCR-" 

The term "antibody" refers to polyclonal and monoclonal antibodies. Polyclonal 
antibodies which are formed in the animal as the result of an immunological reaction 
against a protein of interest or a fragment thereof, can then be readily isolated from the 



12 



WO 2005/047478 PCT/US2004/037578 

blood using well-known methods and purified by column chromatography, for example. 
Monoclonal antibodies can also be prepared using known methods {See, e.g., Winter and 
Milstein, Nature, 349, 293-299, 1991). As used herein, the term "antibody" encompasses 
recombinantly prepared, and modified antibodies and antigen-binding fragments thereof, 
such as chimeric antibodies, humanized antibodies, multifunctional antibodies, bispecific or 
oligo-specific antibodies, single-stranded antibodies and F(ab) or F(ab>2 fragments. The 
term "reactive" in used in reference to an antibody indicates that the antibody is capable of 
binding an antigen of interest. For example, an IL-32-reactive antibody is an antibody that 
binds to IL-32 or to a fragment of DL-32. 

The term "dominant-negative mutant" refers to molecules that lack wild type 
activity, but which effectively compete with wild type molecules for substrates, receptors, 
etc., and thereby inhibit the activity of the wild type molecule. In preferred embodiments, 
the term "IL-32 dominant negative mutant" refers to a IL-32 mutant protein which competes 
with the wild type IL-32 protein for IL-32 receptors, but which fails to induce downstream 
effects such as degradation of IkB, phosphorylation of p38 MAPK, and TNFa production. 
Suitable dominant-negative DL-32 variants may be selected from libraries of random IL-32 
mutants or may be designed rationally, as has been described in the TNF system (Steed et 
al, Science, 301:1895-1898, 2003). 

The term "portion" when used in reference to a nucleotide sequence refers to 
fragments of that sequence, which range in size from 10 nucleotides to the entire nucleotide 
sequence minus one nucleotide. 

As used herein, the term "biologically active" refers to a molecule having structural, 
regulatory and or biochemical functions of a wild type IL-32 molecule. In some instances, 
the biologically active molecule is a homolog of a mammalian IL-32 molecule, while in 
other instances the biologically active molecule is a portion of a mammalian DL-32 
molecule. Other biologically active molecules that find use in the compositions and 
methods of the present invention include but are not limited to mutant {e.g., variants with at 
least one deletion, insertion or substitution) mammalian EL-32 molecules. Biological 
activity is determined for example, by measuring TNFa-induction in vitro as described in 
the experimental examples. 

As used herein the term "animal" refers to any member of the kingdom Animalia, 
which includes living things that have cells differing from plant cells with regard to the 
absence of a cell wall and chlorophyll and the capacity for spontaneous movement. 
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Preferred embodiments of the present invention are primarily directed to vertebrate 
(backbone or notochord) members of the animal kingdom. 

The terms "patient" and "subject" refer to a mammal (human or animal) that is a 
candidate for receiving medical treatment. 

The term "control" refers to subjects or samples which provide a basis for 
comparison for experimental subjects or samples. For instance, the use of control subjects 
or samples permits determinations to be made regarding the efficacy of experimental 
procedures. In some embodiments, the term "control subject" refers to animals that receive 
a mock treatment (e.g., PBS alone or normal rabbit IgG in saline). 

The terms "sample" and "specimen" are used in their broadest sense. On the one 
hand, they are meant to include a specimen or culture. On the other hand, they are meant to 
include both biological and environmental samples. These terms encompasses all types of 
samples obtained from humans and other animals, including but not limited to, body fluids 
such as urine, blood, fecal matter, cerebrospinal fluid, semen, saliva, and wound exudates, 
as well as solid tissue. However, these examples are not to be construed as limiting the 
sample types applicable to the present invention. 

The term "leukocyte" as used herein, refers to cells called white blood cells that help 
the body fight infections and other diseases, and include for instance granulocytes (e.g., 
neutrophils, eosinophils, basophils), mononuclear phagocytes, and lymphocytes (e.g., B 
cells, T cells, natural killer cells). 

As used herein, the term "monocyte" refers to a mononuclear phagocyte circulating 
in blood that will later emigrate into tissue and differentiate into a macrophage. The term 
"macrophage" refers to relatively long-lived phagocytic cells of mammalian tissues, derived 
from blood monocytes. Macrophages from different sites have distinctly different 
properties. Main types are peritoneal and alveolar macrophages, tissue macrophages 
(histiocytes), Kupffer cells of the liver and osteoclasts. Macrophages play an important role 
in killing some bacteria, protozoa and tumour cells, in releasing substances that stimulate 
other cells of the immune system, and presenting processed antigen to T lymphocytes. 

The term term "inflammation" as used herein, refers to the tissue response to trauma, 
characterized by increased blood flow and entry of leukocytes into the tissues, resulting in 
swelling, redness, elevated temperature and pain. 

As used herein, the term "symptom" refers to any subjective evidence of disease or 
of a patient's condition (e.g., a change in a patient's condition indicative of some bodily or 
mental state). 
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For instance, the phrase "symptoms of inflammation" in the context of inflammatory 
bowel disease (IBD) is herein defined to include, but is not limited to symptoms such 
abdominal pain, diarrhea, rectal bleeding, weight loss, fever, loss of appetite, and other 
more serious complications, such as dehydration, anemia and malnutrition. A number of 
such symptoms are subject to quantitative analysis {e.g., weight loss, fever, anemia, etc.). 
Some symptoms are readily determined from a blood test {e.g., anemia) or a test that detects 
the presence of blood (e.g., rectal bleeding). 

Similarly, the phrase "under conditions such that the symptoms are reduced" in the 
context of IBD refers to any degree of qualitative or quantitative reduction in detectable 
symptoms of IBD, including but not limited to, a detectable impact on the rate of recovery 
from disease (e.g., rate of weight gain), or the reduction of at least one of the following 
symptoms: abdominal pain, diarrhea, rectal bleeding, weight loss, fever, loss of appetite, 
dehydration, anemia, distention, fibrosis, inflamed intestines and malnutrition. 

The term "autoimmune disease" includes but is not limited to the following diseases: 
multiple sclerosis, myasthenia gravis, autoimmune neuropathies (such as Guillain-Barre), 
autoimmune uveitis, Crohn's disease, ulcerative colitis, primary biliary cirrhosis, 
autoimmune hepatitis, autoimmune hemolytic anemia, pernicious anemia, autoimmune 
thrombocytopenia, type 1 diabetes mellitus, Grave's disease, Hashimoto's thyroiditis, 
autoimmune oophoritis and orchitis, temporal arteritis, anti-phospholipid syndrome, 
Vasculitides (such as Wegener's granulomatosis), Behcet's disease, rheumatoid arthritis, 
systemic lupus erythematosus, scleroderma, polymyositis, dermatomyositis, 
spondyloarthropathies (such as ankylosing spondylitis), Sjogren's syndrome, psoriasis, 
dermatitis herpetiformis, pemphigus vulgaris, and vitiligo. 

As used herein, the terms "rheumatoid arthritis" and "RA" refer to a chronic 
inflammatory disease in which there is destruction of joints. RA is considered to be an 
autoimmune disorder in which immune complexes are formed in joints and excite an 
inflammatory response (complex mediated hypersensitivity). Cell-mediated (type IV) 
hypersensitivity also occurs, resulting in the accumulation of macrophages and leading to 
the destruction of the synovial lining. 

The terms "IBD" and "inflammatory bowel disease," as used herein, are general 
terms that encompass several disease processes, most commonly, ulcerative colitis and 
Crohn's disease. 
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As used herein, the term "Crohn's disease" refers to an inflammatory disease of the 
gastrointestinal tract. Common symptoms include recurrent abdominal pains, fever, nausea, 
vomiting, weight loss, and diarrhea that is occasionally bloody. 

The terms "compound" and "drug candidate" refers to any chemical or biological 
5 entity (e.g., including pharmaceuticals, drugs, and the like) that can be used to treat or 
prevent a disease, illness, sickness, or disorder of bodily function. Compounds comprise 
both known and potential therapeutic compounds. A compound can be determined to be 
therapeutic by screening, e.g., using the screening methods of the present invention. A 
"known therapeutic compound" refers to a therapeutic compound that has been shown (e.g., 

10 through animal trials or prior experience with administration to humans) to be effective in 
such treatment or prevention. 

As used herein, the term "agonist" refers to molecules or compounds that mimic the 
action of a "native" or "natural" compound. Agonists may be homologous to these natural 
compounds in respect to conformation, charge or other characteristics. Thus, agonists may 

15 be recognized by receptors expressed on cell surfaces. This recognition may result in 
physiologic and/or biochemical changes within the cell, such that the cell reacts to the 
presence of the agonist in the same manner as if the natural compound was present. 
Agonists may include proteins, nucleic acids, carbohydrates, or any other molecules that 
bind or interact with IL-32 binding protein(s). 

20 As used herein, the terms "antagonist" and "inhibitor" refer to molecules or 

compounds that inhibit the action of a "native" or "natural" compound. Antagonists may or 
may not be homologous to these natural compounds in respect to conformation, charge or 
other characteristics. Thus, antagonists may be recognized by the same or different 
receptors that are recognized by an agonist. Antagonists may have allosteric effects, which 

25 prevent the action of an agonist (e.g., prevent native EL-32 from binding to IL-32 receptors). 
In contrast to the agonists, antagonistic compounds do not result in physiologic and/or 
biochemical changes within the cell such that the cell reacts to the presence of the 
antagonist in the same manner as if the natural compound was present. Antagonists and 
inhibitors may include proteins, nucleic acids, carbohydrates, or any other molecules that 

30 bind or interact with IL-32 binding proteins or which prevent formation of functional IL-32 
multimers. 

As used herein, the term modulate, refers to a change or an alteration in biological 
activity. Modulation may be an increase or a decrease in protein activity, a change in 
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binding characteristics, or any other change in the biological, functional, or immunological 
properties associated with the activity of a protein or other structure of interest. 



DESCRIPTION OF THE INVENTION 

5 Interleukin-1 8 (DL-1 8) is multifunctional cytokine having roles in both the innate and 

adapted immune responses. IL-18 has been studied for its effect in the broad spectrum of 
Thl or Th2 related autoimmune diseases (Okamura et al, Nature, 378:88-91, 1995, 
Nakanishi et al, Cytokine Growth Factor Rev, 12:53-72, 2001; and Okamura et al, Adv 
Immunol, 70:281-312, 1998). IL-1 and IL-18 belong to the IL-1 family, which share 

10 structural similarity, require caspase-1 for processing (Bazan et al, Nature, 379:591, 1996; 
and Gu et al, Science, 275:206-209, 1997). IL-18 also triggers similar signaling pathways 
including recruiting IL-1 receptor-associated kinases (IRAKs), the formation of IRAK 
complexes with the tumor necrosis factor (TNF) receptor-associated factor-6, and activation 
of the cascade of IkBo/NF-kB (Kojima et al, Biochem Biophy Res Commun, 244:183-186, 

15 1998; Matsumoto et al, Biochem Biophys Res Commun, 234:454-457, 1997; and Robinson 
et al, Immunity, 7:571-581, 1997). Members of the IL-1 cytokine family are thought to 
play pathological roles in autoimmune and inflammatory diseases, since blocking IL-1 and 
IL-18 activities reduces disease severity in subjects with rheumatoid arthritis and systemic 
inflammation {Ax^nd, Adv Immunol, 54:167-227, 1993; Dinarello, 87:2095-2147, 

20 1996; Novick et al, Immunity, 10:127-136, 1999; and Banda et al, J Immunol, 170:2100- 
2105, 2003). However, there is an obstacle to studying DL-18-inducible genes, since only a 
few cell lines respond to IL-18, for example human NK and KG-1 cell lines. In addition, 
although these cell lines respond to IL-18, they require co-stimulatory factors, such as IL-2, 
IL-12, or BL-15, respectively, in order to manifest IL-18 responsiveness (Ahn et al, J 

25 Immunol, 159:2125-2131, 1997, Ohtsuki et al, Anticancer Res, 17:3253-3258, 1997; 

Lauwerys et al, J Immunol, 165:1847-1853, 2000; and Hoshino et al, J Immunol, 162:51- 
59, 1999). The requirement for a co-stimulatory factor prevents an independent assessment 
of IL-18 induction of gene expression. 

EL- 18 has two known receptor chains, a ligand binding IL-18Ra chain and a signal 

30 transducing IL-18R0 chain. Both chains of the IL-18 receptor belong to the IL-1 receptor 
family and consist of three Ig-like domains in the extracellular region (Kato et al, Nat 
Struct Biol, 10:966-971, 2003; and Yamamoto et al, Biochem Biophys Res Commun, 
317:181-186, 2004). An additional component involved in IL-18 regulation is the IL-18 
binding protein (DL-18BP). IL-18BP is not a part of the DL-18 signaling complex but rather 
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antagonizes IL-18 activity (Kim et al, Proc Natl Acad Sci USA, 97:1 190-1 195, 2000; and 
Novick et al, Immunity, 10:127-136, 1999). IL-18BP is a secreted receptor-like molecule 
consisting of a single Ig-like domain. IL-18BP shares significant homology with viral 
proteins, and neutralizes the biological activities of human IL-18 (Xiang and Moss, 
5 Virology, 257:297-302, 1999; Reading and Smith, J Virol 77:9960-9968, 2003; Esteban 
andBuller, Virology, 323:197-207, 2004; and Esteban et al, J Gen Virol 85:1291-1299, 
2004). 

In the absence of co-stimulants, non-immune cells do not respond to IL-18, due to 
little or no expression of the IL-18RP chain (Thomassen et al, J Interferon Cytokine Res, 

10 18:1077-1088, 1998; and Chandrasekar et al, Biochem Biophys Res Commun, 303:1 152- 
1 158, 2003). Therefore, it was necessary to generate a stable clone expressing the IL-18Rp 
chain, since this receptor component is required for transmitting an IL-18 signal 
(Thomassen et al, supra, 1998; and Kim et al, J Immunol, 166:148-154, 2001). Stable 
expression of the IL-18Rp chain was accomplished in the human lung carcinoma A549 cell 

1 5 (A549-R0) , which made these cells responsive to IL- 1 8 even in the absence of 

co-stimulation. The stable A549-Rp clone was used to identify IL-18 inducible genes by 
microarray analysis. The microarray study described in Example 1, revealed the IL-18 
induction of a cytokine-like molecule that was described 12 years ago as natural killer cell 
transcript 4 or simply NK4 (Dahl et al, J Immunol, 148:597-603, 1992). It should be noted 

20 that the term NK4 is presently used to be described a variant of hepatocyte growth factor 

(Martin et al, J Cell Physiol, 192:268-275, 2002). There is no sequence homology between 
the hepatocyte growth factor variant and the NK4/IL-32 transcript. More recently, increased 
expression of NK4 has been reported in PBMC from patients receiving high-dose IL-12 
therapy for malignant melanoma (Panelli et al, Genome Biol, 3(7): RESE ARCH003 5 , 

25 2002), but the function of NK4 has remained unknown until development of the present 
invention. 

As is described in detail in the experimental examples, a novel inflammatory 
cytokine termed interleukin-32 (IL-32) or the tumor necrosis factor alpha-inducing factor 
(TACF) has been identified through a microarray analysis of A549-RP cells. In addition, the 
30 gene structure, expression pattern, and function of IL-32 have been elucidated. Prior to 
development of the present invention, a single isoform of IL-32 (TAIFy/NK4) had been 
described as a lymphocyte transcript of unknown function (Dahl et al, J Immunol, 148:597- 
603, 1992), which is transcribed from human chromosome 16pl3.3 within or adjacent to the 
Familial Mediterranean fever locus (Bernot et al, Genomics, 50:147-160, 1998). As is 
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shown herein, although IL-32 lacks sequence homology to the known cytokine families, it is 
clearly a cytokine by virtue of its ability to induce TNFa secretion and to signal through the 
classical pathways of known proinflammatory cytokines. Moreover, IL-32 is contemplated 
to be a member of the IL-1 cytokine family (Ghayur et al, Nature, 386:619-623, 1997; 

5 Cerretti et al, Science, 256:97-100, 1992, and Kuida et al, Science, 267:2000-2003, 1995), 
due to similarities in IL-32 regulation, and to the lack of a clear signal peptide. In addition, 
like IL-1 and IL-1 8, IL-32 is secreted primarily from stimulated cells. As demonstrated for 
the first time herein, IL-32 triggered typical proinflammatory cytokine signal pathways, 
NFkB and p38 MAPK, thereby inducing production of the proinflammatory cytokine, 

10 TNFa. Similarly, IL-ip, IL-1 8, and LPS induced IL-32 expression, and unlike the original 
description of NK4 in activated NK or T-cells, ubiquitous IL-32 expression was observed in 
various organs. The IL-32 expression pattern resembles that of IL-15, which is also 
produced by a wide variety of tissues. This is in contrast to EL-2, which is exclusively 
produced by activated T cells (Bamford et al, Proc Natl Acad Sci USA, 93:2897-2902, 

15 1996; and Grabstein et al, Science, 264:965-968, 1994). 

The induction of TNFa by IL-32 indicates that this cytokine has an important role in 
autoimmune/inflammatory disease pathology. The high level of IL-32 observed in the 
circulation of some patients with sepsis (as compared to that observed in the sera of healthy 
individuals) has also not been documented before development of the present invention. 

20 Thus, blocking IL-32 activity is contemplated to be a highly effective therapeutic approach 
in various autoimmune diseases, similar to successful TNFa blocking strategies (Davis et 
al, Ann Rhem Dis, 59Suppll:i41-3, 2000; and Shanahan and St Clair, Clin Immunol, 
103:23 1-242, 2002). It is also contemplated that DL-32-based compositions will find use in 
the treatment of cancer and in other diseases where induction of cell death or apoptosis 

25 comprising TNFa production is beneficial. 

In addition, it is contemplated that the mouse Raw 264.7 macrophage cell line 
expresses an IL-32 receptor, which is activated when bound by IL-32 (extracellular IL-32 
function). However, it is also contemplated that IL-32 has an intracellular function, since 
IL-32 was also detected in cell lysates. Thus, it is contemplated that IL-32 is active as both 

30 an intracellular and as an extracellular protein similar to IL-1 a (Stevenson et al, Proc Natl 
Acad Sci USA, 94:508-513, 1997) and high mobility group-1 (Wang et al, Science, 
285:248-251, 1999). 

The secretion of IL-32 in the absence of a clear signal peptide is characteristic of 
several cytokine families (Cerretti et al, Science, 256:97-100, 1992; Kuida et al, Science, 
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267:2000-2003, 1995; and Ghayur et al } Nature, 386:619-623, 1997). Similar to IL-lp and 
IL-18, IL-32 is secreted as a soluble protein in cell culture media of stimulated primary 
cells, as well as cell lines. IL-32 does not possess potential caspase-1 cleavage sites by 
primary sequence analysis, and although new splice variants have been found, none possess 
5 a typical hydrophobic signal peptide at the N-terminus. 

The existence of IL-32 in multiple species is evidence of an evolutionally conserved 
molecule that is contemplated to play an important function in regulation of inflammation. 
Fewer IL-32 isoforms were identified in other mammalian species, although this result may 
reflect the relative lack of ESTs for these species. Similarly an extensive search for a mouse 

10 IL-32 homologue was unsuccessful. However, it is possible that the putative murine IL-32 
gene has very low homology with the human gene, since equine and bovine IL-32 homologs 
share only 3 1 .8-28. 1 % sequence identity with human IL-32. 

Some preferred embodiments of the present invention are described in the following 
sections: (I) IL-32 Polynucleotides; (II) IL-32 Polypeptides; (III) IL-32 Antibodies; (IV) 

15 Pharmaceutical Compositions Comprising IL-32 Polynucleotides, Polypeptides or 
Antibodies; and (V) Methods for Identifying IL-32 Inhibitors. 

I. EL-32 Polynucleotides 

The present invention provides nucleic acids encoding IL-32 proteins, homologs, 
20 variants, and mutants (e.g, 9 SEQ ID NOs: 3, 4, 6). In some embodiments, the present 
invention provides polynucleotide sequences that are capable of hybridizing to SEQ ID 
NOs: 3, 4, 6 under conditions high stringency, as long as the polynucleotide sequence 
capable of hybridizing encodes a protein that retains the TNFa-inducing activity of the 
naturally occurring DL-32 gene. In some embodiments, the protein that retains the TNFa- 
25 inducing activity of naturally occurring IL-32 is 80% homologous to wild-type IL-32, 

preferably 90% homologous to wild-type EL-32, more preferably 95%, and most preferably 
99% homologous to wild-type IL-32. In particularly preferred embodiments, the protein 
that retains IL-32 biological activity comprises a nucleic acid sequence encoding the 
contiguous amino acid sequence LKARMHQAIERfTDKMQNAESGRGQV (SEQ ID 
30 NO: 13), and which is 99% homologous to wild-type IL-32 (IL-32a, IL-320, DL-32y, IL- 

328). In some preferred embodiments, the nucleic acid sequence does not encode the amino 
acid sequence set forth in SEQ ID NO: 14. In a subset of these embodiments, the nucleic 
acid sequence comprises the sequence set forth in SEQ ID NO: 15 (exon 3 adjacent to exon 
4). In preferred embodiments, hybridization conditions are based on the melting 

20 
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temperature (T m ) of the nucleic acid binding complex and confer a defined "stringency" as 
explained above in the definition section. 

In other embodiments of the present invention, alleles of IL-32 are provided. In 
preferred embodiments, alleles result from a mutation, (i.e. 9 a change in the nucleic acid 

5 sequence) and generally produce altered mRNAs or polypeptides whose structure or 

function may or may not be altered. Any given gene may have none, one or many allelic 
forms. Common mutational changes that give rise to alleles are generally ascribed to 
deletions, additions or substitutions of nucleic acids. Each of these types of changes may 
occur alone, or in combination with the others, and at the rate of one or more times in a 

10 given sequence. 

In still other embodiments of the present invention, the nucleotide sequences of the 
present invention may be engineered in order to alter a DL-32 coding sequence for a variety 
of reasons, including but not limited to, alterations which modify the cloning, processing 1 
and/or expression of the gene product. For example, mutations may be introduced using 

15 techniques that are well known in the art (e.g., site-directed mutagenesis to insert new 
restriction sites, to alter glycosylation patterns, to change codon preference, etc.). 

A modified peptide can be produced in which the nucleotide sequence encoding the 
polypeptide has been altered, such as by substitution, deletion, or addition. In some 
preferred embodiments, these modifications do not significantly the TNFa-inducing activity 

20 of the modified IL-32 (e.g., IL-32 agonists), while in other preferred embodiments, these 
modifications eliminate TNFa-inducing activity of the modified IL-32 (e.g., IL-32 
antagonists). In other words, any given construct can be evaluated in order to determine 
whether it is a member of the genus of modified or variant IL-32 ! s of the present invention 
as defined functionally, rather than structurally. In preferred embodiments, the activity of 

25 variant or mutant IL-32 is evaluated by the methods described in Example 2 (TNFa 
induction). 

Moreover, as described above, variant forms of IL-32 are also contemplated as being 
equivalent to those peptides and DNA molecules that are set forth in more detail herein. For 
example, it is contemplated that isolated replacement of a leucine with an isoleucine or 
30 valine, an aspartate with a glutamate, a threonine with a serine, or a similar replacement of 
an amino acid with a structurally related amino acid (i.e., conservative mutations) will not 
have a major effect on the biological activity of the resulting molecule. Accordingly, some 
embodiments of the present invention provide variants of IL-32 disclosed herein containing 
conservative replacements. Conservative replacements are those that take place within a 
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family of amino acids that are related in their side chains. Genetically encoded amino acids 
can be divided into four families: (1) acidic (aspartate, glutamate); (2) basic (lysine, 
arginine, histidine); (3) nonpolar (alanine, valine, leucine, isoleucine, proline, 
phenylalanine, methionine, tryptophan); and (4) uncharged polar (glycine, asparagine, 
glutamine, cysteine, serine, threonine, tyrosine). Phenylalanine, tryptophan, and tyrosine 
are sometimes classified jointly as aromatic amino acids. In similar fashion, the amino acid 
repertoire can be grouped as (1) acidic (aspartate, glutamate); (2) basic (lysine, arginine, 
histidine), (3) aliphatic (glycine, alanine, valine, leucine, isoleucine, serine, threonine), with 
serine and threonine optionally be grouped separately as aliphatic-hydroxyl; (4) aromatic 
(phenylalanine, tyrosine, tryptophan); (5) amide (asparagine, glutamine); and (6) sulfur 
-containing (cysteine and methionine) (e.g., Stryer ed., Biochemistry, pg. 17-21, 2nd ed, 
WH Freeman and Co., 1981). Whether a change in the amino acid sequence of a peptide 
results in a functional homolog can be readily determined, by assessing the ability of the 
variant peptide to function in a fashion similar to the wild-type protein. Peptides having 
more than one replacement can readily be tested in the same manner. 

More rarely, a variant includes "nonconservative" changes (e.g., replacement of a 
glycine with a tryptophan). Analogous minor variations can also include amino acid 
deletions or insertions, or both. Guidance in determining which amino acid residues can be 
substituted, inserted, or deleted without abolishing biological activity can be found using 
computer programs {e.g., LASERGENE software, DNASTAR Inc., Madison, WI). 

EL IL-32 Polypeptides 

In other embodiments, the present invention provides IL-32 polynucleotide 
sequences that encode IL-32 polypeptide sequences. EL-32 polypeptides (e.g., SEQ ID 
NOs: 7, 8, 10) are described in Figure 4. Other embodiments of the present invention 
provide fragments, fusion proteins or functional equivalents of these IL-32 proteins. In still 
other embodiment of the present invention, nucleic acid sequences corresponding to these 
various IL-32 homologs and mutants may be used to generate recombinant DNA molecules 
that direct the expression of the IL-32 homologs and mutants in appropriate host cells. In 
some embodiments of the present invention, the polypeptide may be a naturally purified 
product, in other embodiments it may be a product of chemical synthetic procedures, and in 
still other embodiments it may be produced by recombinant techniques using a prokaryotic 
or eukaryotic host {e.g., by bacterial, yeast, higher plant, insect and mammalian cells in 
culture). In some embodiments, depending upon the host employed in a recombinant 
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production procedure, the polypeptide of the present invention may be glycosylated or may 
be non-glycosylated. In other embodiments, the polypeptides of the invention may also 
include an initial methionine amino acid residue. 

In one embodiment of the present invention, due to the inherent degeneracy of the 
genetic code, DNA sequences other than the polynucleotide sequences of SEQ ID NOs: 3, 4 
and 6, which encode substantially the same or a functionally equivalent amino acid 
sequence, may be used to clone and express IL-32. 

A. Vectors for Production of IL-32 

The polynucleotides of the present invention may be employed for producing 
polypeptides by recombinant techniques. Thus, for example, the polynucleotide may be 
included in any one of a variety of expression vectors for expressing a polypeptide. In some 
embodiments of the present invention, vectors include, but are not limited to, chromosomal, 
nonchromosomal and synthetic DNA sequences (e.g., derivatives of SV40, bacterial 
plasmids, phage DNA; baculovirus, yeast plasmids, vectors derived from combinations of 
plasmids and phage DNA, and viral DNA such as vaccinia, adenovirus, fowl pox virus, and 
pseudorabies). It is contemplated that any vector may be used as long as it is replicable and 
viable in the host. 

In particular, some embodiments of the present invention provide recombinant 
constructs comprising one or more of the sequences as broadly described above (e.g., SEQ 
ID NOs: 3, 4, 6). In some embodiments of the present invention, the constructs comprise a 
vector, such as a plasmid or viral vector, into which a sequence of the invention has been 
inserted, in a forward or reverse orientation. In still other embodiments, the heterologous 
structural sequence is assembled in appropriate phase with translation initiation and 
termination sequences. In preferred embodiments of the present invention, the appropriate 
DNA sequence is inserted into the vector using any of a variety of procedures. In general, 
the DNA sequence is inserted into an appropriate restriction endonuclease site(s) by 
procedures known in the art. 

Large numbers of suitable vectors are known to those of skill in the art, and are 
commercially available. Such vectors include, but are not limited to, the following vectors: 
1) Bacterial -- pQE70, pQE60, pQE-9 (Qiagen), pBS, pDIO, phagescript, psiX174, 
pbluescript SK, pBSKS, pNH8A, pNH16a, pNH18A pNH46A (Stratagene); ptrc99a, 
pKK223-3, pKK233-3, pDR540, pRIT5 (Pharmacia); and 2) Eukaryotic -- pWLNEO, 
pSV2CAT, pOG44, PXT1, pSG (Stratagene) pSVK3, pBPV, pMSG, pSVL (Pharmacia). 
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Any other plasmid or vector may be used as long as they are replicable and viable in the 
host. In some preferred embodiments of the present invention, mammalian expression 
vectors comprise an origin of replication, a suitable promoter and enhancer, and also any 
necessary ribosome binding sites, polyadenylation sites, splice donor and acceptor sites, 
5 transcriptional termination sequences, and 5 f flanking non-transcribed sequences. In other 
embodiments, DNA sequences derived from the SV40 splice, and polyadenylation sites may 
be used to provide the required non-transcribed genetic elements. 

B. Host Cells for Production of BL-32 

10 In a further embodiment, the present invention provides host cells containing the 

above-described constructs. In some embodiments of the present invention, the host cell is 
a higher eukaryotic cell (e.g., a mammalian or insect cell). In other embodiments of the 
present invention, the host cell is a lower eukaryotic cell (e.g., a yeast cell). In still other 
embodiments of the present invention, the host cell can be a prokaryotic cell (e.g., a 

15 bacterial cell). Specific examples of host cells include, but are not limited to, Escherichia 
coli, Salmonella typhimurium, Bacillus subtilis, and various species within the genera 
Pseudomonas, Streptomyces, and Staphylococcus, as well as Saccharomycees cerivisiae, 
Schizosaccharomycees pombe, Drosophila S2 cells, Spodoptera Sf9 cells, Chinese hamster 
ovary (CHO) cells, COS-7 lines of monkey kidney fibroblasts, C127, 3T3, 293, 293T, HeLa 

20 and BHK cell lines. 

The constructs in host cells can be used in a conventional manner to produce the 
gene product encoded by the recombinant sequence. In some embodiments, introduction of 
the construct into the host cell can be accomplished by calcium phosphate transfection, 
DEAE-Dextran mediated transfection, or electroporation. Alternatively, in some 

25 embodiments, the EL-32 polypeptides are produced using conventional peptide synthesizers. 

C. Purification of BL-32 

The present invention also provides methods for recovering and purifying IL-32 
from recombinant cell cultures including, but not limited to, ammonium sulfate or ethanol 
30 precipitation, acid extraction, anion or cation exchange chromatography, phosphocellulose 
chromatography, hydrophobic interaction chromatography, affinity chromatography, 
hydroxylapatite chromatography and lectin chromatography. In other embodiments of the 
present invention, protein-refolding steps can be used as necessary, in completing 
configuration of the mature protein. In still other embodiments of the present invention, 
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high performance liquid chromatography (HPLC) can be employed for final purification 
steps. 

The present invention further provides polynucleotides having the coding sequence 
fused in frame to a marker sequence, which allows for purification of the polypeptide of the 
5 present invention. A non-limiting example of a marker sequence is a hexahistidine tag 
which may be supplied by a vector, preferably a pQE-9 vector, which provides for 
purification of the polypeptide fused to the marker in the case of a bacterial host, or, for 
example, the marker sequence may be a hemagglutinin (HA) tag when a mammalian host 
(e.g., COS-7 cells) is used. 

10 

D. DL-32 Fusion Proteins 

The present invention also provides fusion proteins incorporating all or part of IL- 
32. Accordingly, in some embodiments of the present invention, the coding sequences for 
the polypeptide can be incorporated as a part of a fusion gene including a nucleotide 

15 sequence encoding a different polypeptide. It is contemplated that this type of expression 
system will find use under conditions where it is desirable to produce an immunogenic 
fragment of an IL-32 protein. 

In addition to utilizing fusion proteins to enhance immunogenicity, it is widely 
appreciated that fusion proteins can also facilitate the expression of proteins, such as the IL- 

20 32 protein of the present invention. Accordingly, in some embodiments of the present 

invention, IL-32 can be generated as a glutathione-S-transferase (i.e., GST fusion protein). 
It is contemplated that such GST fusion proteins will enable easy purification of IL-32, such 
as by the use of glutathione-derivatized matrices. In another embodiment of the present 
invention, a fusion gene coding for a purification leader sequence, such as a 

25 poly-(His)/enterokinase cleavage site sequence at the N-terminus of the desired portion of 
IL-32, can allow purification of the expressed IL-32 fusion protein by affinity 
chromatography using a Ni 2+ metal resin. In still another embodiment of the present 
invention, the purification leader sequence can then be subsequently removed by treatment 
with enterokinase. 

30 

E. IL-32 Variants 

Still other embodiments of the present invention provide mutant or variant forms of 
IL-32. It is possible to modify the structure of a peptide having an activity of IL-32 for such 
purposes as enhancing therapeutic or prophylactic efficacy, or stability (e.g., ex vivo shelf 

25 
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life, and/or resistance to proteolytic degradation in vivo). Such modified peptides are 
considered functional equivalents of peptides having an activity of the subject IL-32 
proteins as defined herein. A modified peptide can be produced in which the amino acid 
sequence has been altered, such as by amino acid substitution, deletion, or addition. In 
5 some embodiments, preferred IL-32 variants include IL-32 agonists {e.g., IL-32 variants 
that possess TNFa-inducing activity), while other preferred IL-32 variants include IL-32 
antagonists (e.g., IL-32 variants that do not possess TNFa-inducing activity and that inhibit 
the TNFa-inducing activity of wild type IL-32 proteins). 

10 m. EL-32 Antibodies 

Antibodies can be generated to allow for the detection of IL-32 proteins. The 
antibodies may be prepared using various. immunogens. In one embodiment, the 
immunogen is a human IL-32 peptide to generate antibodies that recognize human IL-32. 
Such antibodies include, but are not limited to polyclonal, monoclonal, chimeric, single 

15 chain, Fab fragments, and Fab expression libraries. 

Various procedures known in the art may be used for the production of polyclonal 
antibodies directed against IL-32. For the production of antibody, various host animals can 
be immunized by injection with the peptide corresponding to the EL-32 epitope including 
but not limited to rabbits, mice, rats, sheep, goats, etc. In a preferred embodiment, the 

20 peptide is conjugated to an immunogenic carrier (e.g., diphtheria toxoid, bovine serum 

albumin, or keyhole limpet hemocyanin ). Various adjuvants may be used to increase the 
immunological response, depending on the host species, including but not limited to 
Freund's (complete and incomplete), mineral gels (e.g., aluminum hydroxide), surface- 
active substances (e.g., lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, 

25 dinitrophenol, and potentially useful human adjuvants such as Bacille Calmette-Guerin). 

For preparation of monoclonal antibodies directed toward IL-32, it is contemplated 
that any technique that provides for the production of antibody molecules by continuous cell 
lines in culture will find use with the present invention (See e.g., Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring 

30 Harbor, NY). These include but are not limited to the hybridoma technique (Kohler and 
Milstein, Nature 256:495-497, 1975), as well as the trioma technique, the human B-cell 
hybridoma technique (See e.g., Kozbor et at, Immunol Today, 4:72, 1983), and the 
EBV-hybridoma technique to produce human monoclonal antibodies (Cole et al, in 
Monoclonal Antibodies and Cancer Therapy, Alan K Liss, Inc., pp. 77-96, 1985). 
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In addition, it is contemplated that techniques described for the production of single 
chain antibodies (U.S. Patent No. 4,946,778 herein incorporated by reference) will find use 
in producing IL-32 specific single chain antibodies. An additional embodiment of the 
invention utilizes the techniques described for the construction of Fab expression libraries 
(Huse et al, Science, 246:1275-1281, 1989) to allow rapid and easy identification of 
monoclonal Fab fragments with the desired specificity for IL-32. 

It is contemplated that any technique suitable for producing antibody fragments will 
find use in generating antibody fragments that contain the idiotype (antigen binding region) 
of the antibody molecule. For example, such fragments include but are not limited to: 
F(ab f )2 fragment that can be produced by pepsin digestion of the antibody molecule; Fab 1 
fragments that can be generated by reducing the disulfide bridges of the F(ab')2 fragment, 
and Fab fragments that can be generated by treating the antibody molecule with papain and 
a reducing agent. 

In the production of antibodies, it is contemplated that screening for the desired 
antibody will be accomplished by techniques known in the art (e.g., radioimmunoassay, 
ELISA (enzyme-linked immunosorbant assay), "sandwich" immunoassays, 
immunoradiometric assays, gel diffusion precipitation reactions, immunodiffusion assays, in 
situ immunoassays (e.g. 9 using colloidal gold, enzyme or radioisotope labels, for example), 
Western blots, precipitation reactions, agglutination assays (e.g., gel agglutination assays, 
hemagglutination assays, etc.), complement fixation assays, immunofluorescence assays, 
protein A assays, and immunoelectrophoresis assays, etc. 

In one embodiment, antibody binding is detected by detecting a label on the primary 
antibody. In another embodiment, the primary antibody is detected by detecting binding of 
a secondary antibody or reagent to the primary antibody. In a further embodiment, the 
secondary antibody is labeled. Many means are known in the art for detecting binding in an 
immunoassay and are within the scope of the present invention. As is well known in the art, 
the immunogenic peptide should be provided free of the carrier molecule used in any 
immunization protocol. For example, if the peptide was conjugated to KLH, it may be 
conjugated to BSA, or used directly, in a screening assay. 

The foregoing antibodies can be used in methods known in the art relating to the 
localization and structure of IL-32 (e.g., for Western blotting), measuring levels thereof in 
appropriate biological samples, etc. The antibodies can be used to detect EL-32 in a 
biological sample from an individual. The biological sample can be a biological fluid, such 
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as, but not limited to, blood, serum, plasma, interstitial fluid, urine, cerebrospinal fluid, and 
the like, containing cells. 

The biological samples can then be tested directly for the presence of human IL-32 
using an appropriate strategy (e.g., ELISA or radioimmunoassay) and format (e.g, 

5 microwells, dipstick etc.). Alternatively, proteins in the sample can be size separated (e.g., 
by polyacrylamide gel electrophoresis (PAGE), in the presence or not of sodium dodecyl 
sulfate (SDS), and the presence of IL-32 detected by imrnunoblotting (Western blotting). 
Immunoblotting techniques are generally more effective with antibodies generated against a 
peptide corresponding to an epitope of a protein, and hence, are particularly suited to the 

10 present invention. 

Particularly preferred embodiments of the present invention comprise EL-32 
antibodies for the treatment of autoimmune diseases such as rheumatoid arthritis. IL-32- 
reactive antibodies that neutralize the TNFa-inducing activity of IL-32 are contemplated 
relieve at least one RA disease symptom and in especially preferred embodiments are 

15 contemplated to slow RA disease progression. Additionally teaching related to the 

production and use of therapeutic antibodies, which is contemplated to be applicable to the 
IL-32 system, is found in U.S. Patent No. 6,277,969 and U.S. Patent No. 6,448,380 (both 
herein incorporated by reference) directed to therapeutic TNF-reactive antibodies. 

20 IV. Pharmaceutical Compositions Comprising EL-32 Nucleic Acids, Peptides, or 
Antibodies 

The present invention further provides pharmaceutical compositions which may 
comprise all or portions of IL-32 polynucleotide sequences, IL-32 polypeptides, inhibitors 
or antagonists of IL-32 bioactivity, including antibodies, alone or in combination with at 

25 least one other agent, such as a stabilizing compound, and may be administered in any 

sterile, biocompatible pharmaceutical carrier, including, but not limited to, saline, buffered 
saline, dextrose, and water. 

The methods of the present invention find use in treating autoimmune diseases and 
cancer. Peptides can be administered to the patient intravenously in a pharmaceutically 

30 acceptable carrier such as physiological saline. Standard methods for intracellular delivery 
of peptides can be used (e.g., delivery via liposome). Such methods are well known to 
those of ordinary skill in the art. The formulations of this invention are useful for parenteral 
administration, such as intravenous, subcutaneous, intramuscular, and intraperitoneal. 
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Therapeutic , administration of a polypeptide intracellularly can also be accomplished using 
gene therapy. 

As is well known in the medical arts, dosages for any one patient depends upon 
many factors, including the patient's size, body surface area, age, the particular compound 

5 to be administered, sex, time and route of administration, general health, and interaction 
with other drugs being concurrently administered. 

Accordingly, in some embodiments of the present invention, EL-32 nucleotide and 
IL-32 amino acid sequences can be administered to a patient alone, or in combination with 
other nucleotide sequences, drugs or hormones or in pharmaceutical compositions where it 

10 is mixed with excipient(s) or other pharmaceutically acceptable carriers. In one 
embodiment of the present invention, the pharmaceutically acceptable carrier is 
pharmaceutically inert. In another embodiment of the present invention, IL-32 
polynucleotide sequences or IL-32 amino acid sequences may be administered alone to 
individuals subject to or suffering from a disease. 

15 In other embodiments, the pharmaceutical compositions of the present invention can 

be formulated using pharmaceutically acceptable carriers well known in the art in dosages 
suitable for oral administration. Such carriers enable the pharmaceutical compositions to be * 
formulated as tablets, pills, capsules, liquids, gels, syrups, slurries, suspensions and the like, 
for oral or nasal ingestion by a patient to be treated. 

20 Pharmaceutical compositions suitable for use in the present invention include 

compositions wherein the active ingredients are contained in an effective amount to achieve 
the intended purpose. For example, an effective amount of IL-32 may be that amount that 
induces production of TNFa. Determination of effective amounts is well within the 
capability of those skilled in the art, especially in light of the disclosure provided herein. 

25 For any compound used in the method of the invention, the therapeutically effective 

dose can be estimated initially from cell culture assays. Then, preferably, dosage can be 
formulated in animal models (particularly murine models) to achieve a desirable circulating 
concentration range that adjusts TNFa levels. 

A therapeutically effective dose refers to that amount of IL-32, which ameliorates at 

30 least one symptom of the disease state (e.g., cancer) or to that amount of IL-32 antibody or 
antagonist, which ameliorates at least one symptom of a disease state (e.g., autoimmune 
disease such as rheumatoid arthritis). Toxicity and therapeutic efficacy of such compounds 
can be determined by standard pharmaceutical procedures in cell cultures or experimental 
animals (LDsq, the dose lethal to 50% of the population; and EDsq, the dose 
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therapeutically effective in 50% of the population). The dose ratio between toxic and 
therapeutic effects is the therapeutic index, and it can be expressed as the ratio LD50/ED50. 
Compounds that exhibit large therapeutic indices are preferred. The data obtained from 
these cell culture assays and additional animal studies can be used in formulating a range of 
dosage for human use. The dosage of such compounds lies preferably within a range of 
circulating concentrations that include the ED50 with little or no toxicity. The dosage 
varies within this range depending upon the dosage form employed, sensitivity of the 
patient, and the route of administration. Normal dosage amounts may vary from 0.1 to 
100,000 micrograms, up to a total dose of about 1 g, depending upon the route of 
administration. 



V. Drug Screening Using IL-32 

The present invention provides methods and compositions for using IL-32 as a target 
for screening drugs that can alter proinflammatory cytokine responses (e.g., TNFct 
production). 

A technique for drug screening provides high throughput screening for compounds 
having suitable binding affinity to IL-32 peptides and is described in detail in WO 
84/03564, incorporated herein by reference. Briefly, large numbers of different small 
peptide test compounds are synthesized on a solid substrate, such as plastic pins or some 
other surface. The peptide test compounds are then reacted with IL-32 peptides and 
washed. Bound IL-32 peptides are then detected by methods well known in the art. 

Another technique uses IL-32 antibodies, generated as discussed above. Such 
antibodies capable of specifically binding to IL-32 peptides compete with a test compound 
for binding to IL-32. In this manner, the antibodies can be used to detect the presence of 
any peptide that shares one or more antigenic determinants of the IL-32 peptide. 

The present invention contemplates many other means of screening compounds. 
The examples provided above are presented merely to illustrate a range of techniques 
available. One of ordinary skill in the art will appreciate that many other screening methods 
can be used. 

In particular, the present invention contemplates the use of cell lines transfected with 
IL-32 and variants or mutants thereof for screening compounds for activity, and in 
particular to high throughput screening of compounds from combinatorial libraries (e.g., 
libraries containing greater than 10 4 compounds). The cell lines of the present invention can 
be used in a variety of screening methods. In some embodiments, the cells can be used in 
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second messenger assays that monitor signal transduction following activation of cell- 
surface receptors. In other embodiments, the cells can be used in reporter gene assays that 
monitor cellular responses at the transcription/translation level. 

In second messenger assays, the host cells are preferably transfected as described 
above with vectors encoding IL-32 or variants or mutants thereof. The host cells are then 
treated with a compound or plurality of compounds {e.g., from a combinatorial library) and 
assayed for the presence or absence of a response. It is contemplated that at least some of 
the compounds in the combinatorial library can serve as agonists, antagonists, activators, or 
inhibitors of the protein or proteins encoded by the vectors. It is also contemplated that at 
least some of the compounds in the combinatorial library can serve as agonists, antagonists, 
activators, or inhibitors of protein acting upstream or downstream of the protein encoded by 
the vector in a signal transduction pathway. 

The cells are also useful in reporter gene assays. Reporter gene assays involve the 
use of host cells transfected with vectors encoding a nucleic acid comprising transcriptional 
control elements of a target gene (i.e., a gene that controls the biological expression and 
function of a disease target) spliced to a coding sequence for a reporter gene. Therefore, 
activation of the target gene results in activation of the reporter gene product. 

EXPERIMENTAL 

The following examples are provided in order to demonstrate and further illustrate 
certain preferred embodiments and aspects of the present invention and are not to be 
construed as limiting the scope thereof. 

In the experimental disclosure which follows, the following abbreviations apply: eq 
(equivalents); M (Molar); (micromolar); N (Normal); mol (moles); mmol (millimoles); 
jimol (micromoles); nmol (nanomoles); g (grams); mg (milligrams); ng (micrograms); ng 
(nanograms); 1 or L (liters); ml (milliliters); |xl (microliters); cm (centimeters); mm 
(millimeters); ^m (micrometers); nm (nanometers); °C (degrees Centigrade); U (units), mU 
(milliunits); min. (minutes); sec. (seconds); % (percent); kb (kilobase); bp (base pair); PCR 
(polymerase chain reaction). 

In addition, the following cells and bioassays were employed. The human NK cell 
line was obtained from Dr. Hans Klingerman (Rush Medical Center, Chicago, EL) and 
cultured in RPMI1640 medium containing 10% FCS, IL-2 (50 pg/ml) and IL-15 (200 
pg/ml) (Peprotech, Rocky Hill, NJ). Mouse macrophage Raw 264.7 cells, human A549 
lung carcinoma, monkey Cos7 kidney cells, Anjou65 (subclone of the human fibroblast 
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293T line), human epithelial Wish cells, and the human monocyte THP-1 cell line were 
obtained from American Type Culture Collection (ATCC) and maintained according to 
supplied instructions. Bioassays were performed in 96 well plates. 

Briefly, Raw cells (5 x 10 5 /ml, 0.1 ml/per well), A549-R0 cells (2 x 10 5 /ml, 0.1 
ml/per well), and human NK cells (5 x lOVml, 0.1 ml/per well) were seeded in 96 well 
plates and cultured until cells adhered to the plates. For Raw cell assays, spent medium was 
removed and the cells were stimulated with fresh medium (0.2 ml) containing various 
concentration of rIL-32 in the presence 5 ug/ml polymyxin B (Bedford Laboratories, 
Bedford, OH). For the A549-RP cell assays, spent medium was removed and cells were 
stimulated with fresh medium (0.2 ml) containing IL-18 (produced as described by Kim et 
al, J Immunol, 166:148-154, 2001). For the NK cell assays, cells were stimulated with TL- 
12 (Peprotech) or IL-18, or both cytokines. THP-1 cells (5 x 10 5 /ml, 0.1 ml/per well) were 
seeded in 96 well plates in the absence of FCS, and then stimulated with rIL-32 from 
various sources. For phorbol 12-myristate 13-acetate (PMA) THP-1 differentiation assays, 
THP-1 cells (0.25 x 10 5 /ml, 0.1 ml/per well) were seeded in 24 well plates and then 
stimulated with 100 ng/ml PMA (Sigma, St Louis, MO) for 48 hr, before washing cells in 
medium lacking FCS, and treating the cells with rfL-32. The plates were placed in a cell 
culture incubator for 16-20 hours and then the culture supernatants were collected for 
cytokine measurement. 

Human peripheral blood mononuclear cells (PBMC) were isolated from residual 
leukocytes following platelet-pheresis of healthy donors using Histopaque (Sigma) that was 
approved by the Combined Colorado Investigational Review Board. PBMC (1.5 x 10 7 ) 
were seeded in 6 well plates in 3 ml of RPMI containing 10% FCS, and then stimulated 
with 20 ug of Con A (Sigma). The plates were placed in a cell culture incubator for 60 
hours, after which time the culture supernatant and cell lysate were collected for TL-32 
measurement. 

IL-32 was evaluated in terms of units of biological activity, because there were 
differences in activity levels between rIL-32 produced in E. coli, and rIL-32 produced in 
mammalian cells, and because there were differences in activity levels between the different 
batches. One unit of IL-32 is defined as the amount of DL-32 that induces a 2-fold induction 
of human or mouse TNFa in PMA-differentiated THP-1 cells and mouse Raw cells, 
respectively, under the assay conditions described above. The approximate concentration of 
1 unit of E. coli rD>32 amounted to 20 ng/ml, while the approximate concentration of 1 unit 
of mammalian rIL-32 amounted to 0.1 ng/ml (as calculated by ECL and Western blot). 
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EXAMPLE 1 

Identification of IL-18 Inducible Genes, including NK4/IL-32 

Wild type human A549 lung carcinoma cells (A549-WT) express IL-18Ra but not 

5 IL-18R|3. Thus, in order to express a functional IL-18 receptor in A549 cells, A549 cells 
were transfected with an IL-18Rp chain expression vector. Briefly, human lung carcinoma 
A549 cells (3 x 10 5 per well) were seeded in 6 well plates a day before transfection. The 
cells were then washed with 2 ml of Opti-MEM (Invitrogen, Carlsbad, CA) and incubated 
for 25 min in 1 ml of fresh medium. The transfection mixture solution for each well was 

10 prepared by mixing 5 jlxI of Lipofectamine 2000 in 100 |xl of Opti-MEM followed by a 5 
min incubation in the tissue culture hood. Next, 2 p,g of plasmid DNA, pTARGET/huIL- 
18RP (Kim et al, J Immunol 166:148-154, 2001), was added, followed by a 20 min 
incubation period. The transfection mixture solution was added to the wells and the plate 
was incubated for an additional 4 hours at 37°C. Transfection was terminated, by the 

15 addition of 2 ml of cell culture medium containing 10% FCS to each well. The next day, 
cells were trypsinized and transferred to a 15 cm plate. After cells adhered to the plate, the 
culture medium was replaced with fresh medium containing 800 fig/ml of Neomycin (G418, 
Invitrogen). The selection medium was exchanged every three days with fresh medium 
until individual colonies appeared (-10-14 days). Small pieces of circular 3 MM papers 

20 were sterilized, wetted with trypsin, and then used for picking individual colonies. Colonies 
were transferred into 24 wells plate containing 1 ml of selection medium in each well. 
Individual clones were grown until 10 6 cells were obtained, and then each clone was tested 
for expression of the transfected gene by RT-PCR, as well as in bioassays measuring IL-6 
and EL-8 in cell culture medium after IL-18 stimulation for 24 hours. Three clones were 

25 positive by both RT-PCR and bioassay. Limiting dilutions cultures were prepared in order 
to obtain a single clone. 

As shown in Figure 1 panel A, A549 cells transfected with an EL-18Rp (A549-RP) 
construct (Kim et al, J Immunol 166:148-154, 2001) expressed both the IL-18Ra and IL- 
18RP chains as determined by RT-PCR. The stable clone (A549-Rp) was tested for 

30 induction of IL-8 after DL-18 (100 ng/ml) stimulation for 16 hours. Upon the expression of 
EL-18Rp in A549 cells, the A549-RJ3 cells responded to IL-18 in the absence of a co- 
stimulus by producing IL-6 and IL-8, whereas the A549 parent cell line (A549-WT) 
remained unresponsive to IL-18 (See, Figure 1, panels B and C, N=7). 



33 



WO 2005/047478 PCT/US2004/037578 

The A549-R(3 cells were then used to study IL-18 inducible gene expression by 
microarray. Briefly, A549-Rp cells were seeded at 2 x 10 6 in nine cm plates one day before 
the experiment. The cells were then stimulated with IL-1 8 (50 ng/ml) for 6 hours, at which 
time the treated cells and controls were harvested. Total RNA was isolated with Tri- 
5 Reagent, and purified with the RNeasy kit (Qiagen, Valencia, CA). The total RNA was 
then used for microarray analysis per instructions from Affymetrix. Total RNA (10 |ag/ml) 
was converted to first strand cDNA using Superscript II RT (Invitrogen). The second strand 
cDNA was synthesized with the use of T4 DNA polymerase I. After second strand 
synthesis, the reaction mixture was cleaned with a kit supplied by GeneChip. cRNA 
10 synthesis was performed to generate biotin-labeled cRNA using a RNA transcript-labeling 
kit. The biotinylated-cRNA was fragmented prior to hybridization. The samples were 
hybridized to the Affymetrix GeneChip HG-U133, and data was analyzed in the microarray 
core laboratory of the University of Colorado Health Sciences Center. 

The microarray data revealed that IL-18 induced several cytokine genes including 
15 IL-6 and IL-8. Several chemokines including interferon-p2 and IL-lp, whose expression 
was previously known to be IL-18 inducible, were among the group observed to have an 
increase in expression of greater than 3-fold (log base 2) in response to IL-18 treatment 
{See, Table 1 showing data from two independent experiments). Interestingly, natural killer 
cell transcript 4 (NK4) was also highly induced (5.3-fold). The NK4 gene was originally 
20 described as an activated NK or T cell product (Dahl et al, J Immunol, 148:597-603, 1992), 
although no functional data had been collected on this gene. Expression of NK4 mRNA 
was also examined by RT-PCR, using the same total RNA as was used for the microarray 
study. The first strand cDNA was synthesized from approximately 1 |ig total RNA, using 
Superscript II from Invitrogen (Carlsbad, CA). The PCR reaction was performed at 94°C 
25 for 45 s, 70°C for 2 min, 59°C for 1 min for 30 cycles with a sense primer, 5'- 

CTGTCCCGAG TCTGGACTTT-3 9 (SEQ ID NO:l) and an antisense primer, 5'- 
GCAAAGGTGG TGGTCAGTAT C-3* (SEQ ID NO:2). The NK4 transcript was detected 
in IL-18 treated A549-R0 cells, but not unstimulated A549-RJ3 cells (See, Figure 1, panel 
D). 
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Table 1. EL-18 Inducible Genes Identified By Microarray Analysis 



GenBank Accession No. 


Fold 
Increase 


Gene Name 


M28130 


8.6 


Interleukin-8 (IL-8) 


U64197 


8.0 


Chemokine exodus- 1 


X04430 


7.7 


Interferon-J32 (IL-6) 


U81234 


5.8 


Chemokme-a3 (CKA-3) 


U37518 


5.3 


TNF-related apoptosis inducing ligand (TRAIL) 


AB007872 


5.3 


TNFa inducing factor (TAIF, NK4) 


X54489 


5.0 


Melanoma growth stimulatory activity (MGSA) 


M36821 


4.6 


GRO-y 


X03656 


4.0 


Granulocyte colony stimulating factor (G-CSF) 


Z70276 


3.7 


Fibroblast growth factor 12 


M36820 


3.2 


GRO-p 


X04500 


3.5 


Prointerleukin- 1 p 


J04513 


3.1 


Basic fibroblast growth factor (bFGF) 



NK4 gene expression was also examined in the NK92 cell line (Hoshino et al, J 
5 Immunol, 162:51-59, 1999). The NK4 gene was constitutively and highly expressed in this 
cell line, when maintained in a condition medium containing both EL-2 and IL-15. The IL-2 
in the condition medium is contemplated to contribute to the high level of NK4 gene 
expression observed in the NK92 cells line. 

10 EXAMPLE 2 

TNFa Induction by Recombinant NK4/EL-32 
To determine the function of this poorly described gene product, the NK4 cDNA 
(See, Figure 3, IL-32a) was cloned from NK92 cells (Dahl et al, supra, 1992, herein 
incorporated by reference in its entirety) into pGEMT-Easy (Promega) for sequencing, and 
15 then the insert was transferred to pPROEX/Hta (Invitrogen) for expression in E. coli, or to 
pTARGET (Promega) for mammalian expression. Recombinant NK4 was expressed in E. 
coli and purified with a TALON affinity column (Invitrogen) by introducing a His 6 tag at 
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the N-terminus of the recombinant proteins. The TALON affinity-purified protein was 
subjected to size exclusion chromatography (Superdex 75, AKTAFPZ.Q, and digested with 
Tobacco Etch Virus (Invitrogen) for 16 hrs at 4°C to remove the His 6 tag. The cleaved 
recombinant proteins were dialyzed in phosphate buffer (20 mM, pH 9). This material was 
later subjected to ion exchange chromatography (HiTrapQFF, AKTAFPLC). The 
recombinant NK4 protein purified using three sequential steps (His-tag affinity 
chromatography, size exclusion chromatography and ion exchange chromatography) ran as 
a homogenous band of approximately 20 kDa in a 10% SDS-PAGE gel, subsequently 
stained with Coomassie blue (See, Figure 2, panel A). 

The thrice-purified recombinant NK4 protein was then tested for biological activity 
by measuring TNFa secretion by mouse Raw 264.7 macrophage cells in the presence of 
polymyxin B (100 U/ml). Mouse Raw 264.7 macrophage cells responded to recombinant 
NK4 and by producing a large amount of TNFa, coinciding with the peak fractions of 
protein eluting from the ion exchange column (See, Figure 2, panel A). In recognition of 
the newly discovered biological activity of NK4, the molecule was renamed IL-32/TNFa- 
inducing factor (TAIF). As shown in Figure 2 panel B, IL-32a induced significant amounts 
of TNFa, at IL-32a concentrations as low as 400 pg/ml (27 picomoles based on the 14.8 
kDa calculated molecular weight of IL-32a), and increased TNFa production in a dose 
dependent manner. TNFa is well known to possess multiple inflammatory properties that 
play a causative role in numerous inflammatory and autoimmune diseases (Beutler et ah, 
Blood Cells Mol Dis, 24:216-230, 1998). 

Recombinant IL-32a was also produced in mammalian cells, by transient- 
transfection of Cos-7 cells (8 x 10 6 ) with the pTARGET/IL-32|3 expression vector via the 
DEAE-dextran technique (Sompayrac etal, Proc Natl Acad Sci USA, 78:7575-7578, 1981). 
As shown in Figure 2 panel C, recombinant IL-32a (100 pg/ml) obtained from the 
concentrated supernatant of IL-32a-transfected cells induced TNFa production, whereas 
the concentrated supernatant from mock-transfected cells did not. The concentration of 
recombinant IL-32a in Cos-7 supematants was estimated via ECL and immunoblot. 
Additionally, IL-32a produced in mammalian cells was found to possess greater TNFa- 
inducing activity than did recombinant EL-32a produced in bacterial cells. 
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EXAMPLE 3 

Identification of EL-32 Genomic Structure and Splice Variants 

The structure of the IL-32 gene and its localization within the human genome was 
analyzed. IL-32 was also cloned by RT-PCR from the human NK92 cell line, cultured in 
5 the presence of IL-2 (50 pg/ml), and IL-15 (200 pg/ml). The following primers were used 
for this purpose: sense 5'-CTGTCCCGAG TCTGGACTTT-3' (SEQ ID NO:l), and 
antisense 5 ' -GC AAAGGTGG TGGTCAGTAT C-3' (SEQ ID NO:2). As shown in Figure 
3 and 5, three splice variants of IL-32 (IL-32a disclosed as SEQ ED NO:3 and GENBANK 
Accession No. AY495331, DL-32p disclosed as SEQ ID NO:4 and GENBANK Accession 

10 No. AY495332, and IL-326 disclosed as SEQ ID NO:5 and GENBANK Accession No. 

AY495333) were identified from RNA derived from NK92 cells, whereas a different splice 
variant (IL-32y disclosed as SEQ ID NO:6 and GENBANK Accession No. BK004065) had 
been previously reported as the NK4 transcript (GENBANK Accession No: NM_004221). 
Thus, IL-32 is expressed as at least four variants due to alternative mRNA splicing. 

15 The blast program from the NCBI web site was used to determine that the IL-32 

gene resides on chromosome 16pl3.3. Approximately 5 kb of sequence encompassing the 
IL-32 gene (set forth as SEQ ID NO: 1 1 and GENBANK Accession No. AY495334) was 
identified from a 180 kb stretch of human chromosome 16 sequence (GENBANK 
Accession No. AC 108 134). By comparing the sequences of the splice variants with the 

20 genomic sequence, the IL-32 gene was found to contain eight small exons, with the second 
and third exons possessing ATG start codons. IL-32y has an additional 46 amino acids at its 
N-terminus (SEQ ID NO: 14) because of the absence splicing between exons 3 and 4. 
However in IL-325, the second exon is absent, resulting in the use of the ATG start codon in 
the third exon, instead of the ATG in the second exon. DL-32a was the most abundant 

25 cDNA clone, therefore this isoform was used for many of the experiments described herein. 
IL-32a has a deletion of 57 amino acid residues at its C-terminus due to splicing between 
exons 7 and 8, which is in contrast to the other variants that have a single large exon 
encoding their C-termini. The analysis of the EL-32 amino acid sequences revealed the 
presence of three potential N-myristoylation sites and one potential N-glycosylation site 

30 (See, Figure 4A). 

The Blast program was used to search the NCBI database for homologs of EL-32. In 
this way, expressed sequence tag (EST) clones of equine, bovine, ovine, and swine IL-32 
were identified. The equine IL-32p protein sequence (GENBANK Accession Nos. 
CD469554 and BI961524) shares the highest homology with the human sequence (31.8% 
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identity), followed by bovine (GENBANK Accession Nos. CK834399 and CK832489), 
ovine (GENBANK Accession No. CO202364), and swine (GENBANK Accession No. 
CB287292) sequences. The alignments of human, equine, and bovine IL-32P protein 
sequences are shown in Figure 4B). In particular, isoform A of sheep and pigs has been 
5 identified, while both isoforms A and B have been identified in horses, and isoforms B and 
C have been identified in cows. The sequences of equine IL-32p and bovine EL-32y were 
each combined from two EST clones, and the open reading frames were deduced from the 
combined sequence. 



10 EXAMPLE 4 

Analysis of BL-32 Expression 
The expression of IL-32 in various human tissues was examined by northern blot. 
Briefly, IL-32a and actin cDNA inserts were excised from plasmid vectors by using 
suitable restriction enzymes, size-fractionated and purified with a GeneClean II kit (Q-BIO 

15 gene, Carlsbad, CA). The cDNAs were labeled with 32 P-dCTP (NEN Life Science, Boston, 
MA) by random priming using the Klenow enzyme (New England Biolabs, Beverly, MA). 
A membrane containing human poly(A) + RNA from different tissues (human MTN Blot II) 
incubated with the cDNA probes, whose binding was detected by autoradiography. As 
shown in Figure 8 A, a 1.2kb IL-32 transcript was detected in most tissues, with higher 

20 levels of DL-32 detected in immune cells as compared to other cell types. The high 

expression of EL-32 mRNA in immune tissues was not due to loading differences as shown 
by reprobing the blot with an actin fragment. 

Endogenous EL-32 expression was also detected at the protein level. Briefly, A549- 
Rp cells were seeded at 10 6 cells/well in 6 well plates. After the cells had adhered to the 

25 plate, the F12K culture medium was removed and replaced with serum-free medium, which 
in some wells contained EL-18 (50 ng/ml), IL-lp (100 ng/ml) or LPS (500 ng/ml). After 48 
hrs, the supernatants were harvested and concentrated 10 times with Centricon 
concentrators. As shown in Figure 8B, an approximately 30 kDa species corresponding to 
endogenous IL-32 was detected by immunoblot with an affinity-purified rabbit anti-human 

30 IL-32a polyclonal antibody. The difference in molecular weight between rIL-32 from E. 
coli, and endogenous DL-32 is contemplated to be due to post-translational modification of 
the endogenous molecule, since analysis of the amino acid sequence revealed the presence 
of potential N-linked glycosylation and myristoylation sites. DL-32 was secreted into the 
cell culture medium of cells treated with EL-18 (100 ng/ml), EL-ip (100 ng/ml) or LPS (500 
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ng/ml), but not by unstimulated cells (control). IL-32 was detected in cell culture medium 
as a secreted molecule, although EL-32 does not possess a typical hydrophobic signal 
peptide at its N-terminus. IL-18 induced IL-32 expression to a greater extent than did EL-ip 
or LPS. A 60 kDa band was also observed (not shown), which is contemplated to be a 

5 dimerized form of EL-32. Like the monomer, the 60 kDa band was found in the 
supernatants of treated cells, but was absent from that of unstimulated cells. 

Induction of IL-32 in human epithelial Wish cells treated with IFNy since was also 
examined, since Wish cells are commonly used for antiviral assays and for assessments of 
other biological activities of EFNy. For time courses of IL-32 production, Wish, A549-WT, 

10 and A549-Rp cells were seeded at 5xl0 4 cells/well in 6 well plates, incubated overnight and 
then stimulated with IFNy (100 U/ml), IL-18 (50 ng/ml) or IL-ip (10 ng/ml). Affinity 
purified rabbit anti-IL-32a was used for detecting IL-32 in cell culture medium by 
immunoblot. Peroxidase-conjugated secondary antibodies (Jackson ImmunoResearch 
Laboratories, West Grove, PA) were used to develop the blots using enhanced 

15 chemiluminescence (NEN Life Science). For IL-32 detection by electrochemiluminescence 
(ECL), an aliquot of the affinity purified anti-EL-32a antibody was labeled with biotin, and 
another aliquot was labeled with ruthenium according to the manufacturer's instructions 
(Igen, Gaithersburg, MD). The biotin and ruthenium labeled antibodies were used to 
construct a standard curve using recombinant IL-32a. The liquid-phase ECL method was 

20 used to measure various cytokines in cell culture media and in serum samples. The amount 
of electrochemiluminescence was determined using an Origen Analyzer (Igen). 

As shown in Figure 9A, IL-32 was induced in cell lysates of human epithelial cells 
in a time dependent manner, diminishing after 46 hours, whereas EL-32 was not induced in 
unstimulated cells. Similarly, DL-18 and IL-ip increased the expression of endogenous 

25 IL-32 in the lysates of A549-R0 cells in a time dependent manner (Figure 9B) whereas 
IL-32 was only induced by IL-lp in A549-WT cells (Figure 9C). La addition, IFNy was 
also observed to induce IL-32 in the lysates of A549-WT cells (data not shown). 

In order to determine whether the recombinant proteins expressed from the cDNAs 
of IL-32a and P in mammalian cells were comparable to endogenous IL-32, Cos7 cells 

30 were transiently transfected with IL-32a and (3 cDNAs. As shown in Figures 9D and 9E, 
recombinant EL-32a and IL-320 were present in both cell culture media and lysates of the 
transfected cells as determined by immunoblot. The molecular size of recombinant 
mammalian IL-32 in the immunoblots was identical to the molecular size of the endogenous 
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IL-32 shown in Figure 8B. The ECL assay revealed a similar distribution of IL-32a and 
EL-32(3 in the culture media and lysates, although DL-32p appears to be more efficiently 
secreted as compared to IL-32a, which was predominantly cell-associated. 

The polyclonal anti-human IL-32 antibody was affinity purified over a column 
containing IL-32a-immobilized on agarose beads (Affi-gel 15). Peroxidase conjugated 
anti-rabbit immunoglobulin secondary antibodies were obtained from Jackson 
ImmunoResearch. Since the anti-human IL-32 antibody specifically recognizes endogenous 
IL-32, the IL-32 level in the sera of human subjects (healthy individuals and patients with 
sepsis) was measured by ECL. Although IL-32 was detected in sera of healthy individuals 
(5 of 42 samples), the IL-32 levels were less than 70 pg/ml. In contrast, the mean IL-32 
levels in sera of patients with sepsis were 35-fold higher than that of sera from healthy 
individuals. For the first time during development of the present invention, IL-32 is shown 
to be an inflammatory cytokine produced (directly or indirectly) in response to bacterial 
infection. In addition, IL-32 was detected in patients with active rheumatoid arthritis 
indicating that it also plays a role in autoimmunity. 

To examine the regulation of IL-32 production, IL-32 was measured in the cell 
culture medium of different cell lines, as well as human PBMC. IL-32 was detected in the 
cell culture medium of A549-R0 cells after IL-18 or DL-lp stimulation but not in control 
medium (Figure 10A). Since the NK4 (IL-32) gene was isolated from EL-2-activated NK 
cells, the human NK cell line was stimulated with a combination of IL-12 plus IL-18. As 
shown in Figure 10B, there was a significant induction of IL-32 by EL- 12 or EL- 18 in NK 
cells, and the effect of the combination of these two cytokines appeared to be additive. By 
comparison, when this cell line was stimulated by either EL- 12 or EL- 18, there is little or no 
induction of IFNy, whereas EFNy production by the combination of EL-12 plus EL-18 is 
highly synergistic (Kim et al, J Biol Chem, 277:10998-1 1003, 2002). The induction of 
EL-32 (via IFNy) was examined by stimulating NK cells with EL-12 and EL-18, in the 
presence of a neutralizing anti-EFNy antibody. This combination had no effect on EL-32 
induction (data not shown). Human peripheral blood mononuclear cells (PBMC) contain 
mostly T-cells with few numbers of monocytes and B-cells. Freshly prepared PBMC were 
stimulated with LPS or ConA and the supernatants and lysates were harvested and assayed 
for EL-32 concentration. After 60 hours, there was no detectable EL-32 in the supernatants 
or lysates of PBMC stimulated with LPS (data not shown). However, ConA consistently 
induced IL-32, which was found in the supernatants and lysates. As shown in Figure 10C, 
the lysates contained more EL-32 than the supernatants. 
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EXAMPLE 5 

Identification of IL-32 Responsive Signal Transduction Pathways 

This example provides details of the experiments conducted to assess the effect of 
the cytokine IL-32 on signal transduction molecules inhibitor of kappa B (IkB) and p38 
5 mitogen-activated protein kinase (MAPK). Briefly, mouse RAW 264.7 macrophage cells 
were stimulated with IL-32a (50 ng/ml) in the presence of 5 |ug/ml polymyxin B (Bedford 
Lab, Bedford, OH) for the indicated amount of time (in minutes). Cells were lysed with 
kinase lysis buffer (Han et aL, J Biol Chem, 277:47167-47174, 2002). The cell contents 
were separated in a 10% SDS-PAGE gel and transferred to a nitrocellulose membrane, 

10 which was subsequently blocked with 3% BSA. The membrane was probed with rabbit 
anti-lKB and normalized with goat anti-actin (Santa Cruz Biotechnology, Santa Cruz, CA). 
As shown in Figure 1 1 A, IL-32a induced IkB degradation in a time dependent manner, 
beginning 15 min after treatment and reaching a maximal level at 45 min, followed by 
recovery after 90 min. 

15 The membrane was also probed with rabbit anti-phospho-p38 MAPK and 

normalized with rabbit anti-p38 MAPK (Cell Signaling, Beverly, MA). As shown in Figure 
10B, phosph-p38 MAPK was dramatically increased 5 min after stimulation by IL-32a and 
then decreased from 15 min to 30 minutes, thereafter. Interestingly, a second increase in 
p38 MAPK phosphorylation was observed at 45 min, which decreased more slowly. 

20 

EXAMPLE 6 
Identification of IL-32 Binding Proteins 

Recombinant IL-32a (or IL-32P, EL-328 and IL-32y) is expressed in E. coli and 
purified using three sequential steps as described in Example 2. Approximately 5 mg of the 

25 purified DL-32a is immobilized onto Affi-gel 15 agarose beads (Bio-Rad Laboratories, 
Hercules, CA). Various potential receptor sources are applied to the IL-32a-affinity 
column {e.g., human serum or lysates of cells which secrete TNFa in response to IL-32a, 
such as Raw 264.7 cells). The IL-32a affinity column is washed extensively and the IL-32 
receptor is then eluted with an elution buffer {e.g., 50 mM citric acid, 100 mM NaCl, pH 

30 2.5). The eluted fractions are neutralized immediately with 2 M tris base. 

The IL-32 binding proteins isolated in this way are further characterized by chemical 
analysis {e.g., peptide sequence analysis through Edman degradation and/or mass 
spectroscopy) and bioassay {e.g., purified or recombinant receptors are tested for their 
ability to block EL-32a-induced TNFa secretion by Raw 264.7 cells). It is contemplated 
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that authentic IL-32 binding proteins have the ability to inhibit IL-32 biological activities 
(similar to what has been observed with the TNFBP). It is also contemplated that other 
types of authentic IL-32 binding proteins have the ability to enhance IL-32 biological 
activities (similar to what has been observed with the IL-6 ligand binding chain). 

EXAMPLE 7 

Therapeutic Effect of IL-32-Antibodies and IL-32 Inhibitors 
in a Murine Model of Arthritis 

This example provides details of the experiments conducted to assess the effect of 
IL-32-antibodies and EL-32 antagonists (e.g., soluble IL-32 receptors, dominant-negative 
IL-32 variants, small molecule inhibitors, etc.) as therapeutics for the treatment of collagen- 
induced arthritis (CIA) in mice. Briefly, CIA is induced in 8 to 10 week old DBA/1 J mice 
(Jackson Laboratories, Bar Harbor, ME) by intradermal injection of type II bovine collagen 
(CII) as known in the art (Banda et aL, Arthritis Rheum, 46:3065, 2002). Each mouse 
receives 100 pi injections containing 200 |ig CII and 200 |ig of inactivated Mycobacterium 
tuberculosis (Difco, Detroit, MI) in incomplete freund's adjuvant on days 0 and 21. Mice 
are treated between days 21 and 42 with one of three therapies given as IP injections every 3 
days: 2 mg/mouse normal rabbit IgG; 2 mg/mouse neutralizing rabbit anti-IL-32 prepared 
using HiTrap Protein G HP (Amersham Pharmacia Biotech AB, Uppsala, Sweden); and 2 
mg/mouse recombinant IL-32 antagonist (e.g., IL-32 receptor-IgGl Fc fusion protein or 
dominant-negative IL-32 variant). The mice (5 in each group and 5 untreated mice) are 
sacrificed on day 42 by anesthesia and cervical dislocation. 

The clinical disease activity of CIA is assessed every other day between days 21 and 
42 by blinded observers using a three-point scale for each paw; 0 = normal joint; 1 = slight 
inflammation and redness; 2 = severe erythema and swelling affecting the entire paw with 
inhibition of use; and 3 = deformed paw or joint, with ankylosis, joint rigidity, and loss of 
function. The total score for clinical disease activity is based on all four paws, with a 
maximum score of 12 for each animal. After sacrifice, both forepaws and the right hand 
limb are surgically removed on day 42 and fixed in 10% buffered formalin with preparation 
of tissues samples and histological analysis as known in the art (Bendele et aL, Arthritis 
Rheum, 43:2648, 2000). An experienced observer (blinded to the treatment) scores the 
histological findings in paws, ankles, and knees. The data are expressed as mean scores for 
inflammation, pannus, cartilage damage, and bone damage, as well as an overall score, 
based on scales of 0 to 5. 
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Using published methods (Banda et al, J Immunol, 170:2100-2105, 2003), various 
immune parameters are measured, including but not limited to: CH-specific proliferation by 
spleen and lymph node cells, production of anticollagen antibodies, CH-induced cytokine 
secretion by spleen cells {e.g., utilizing TNFcc, IFNy, IL-lp, DL-lRa and IL-10 ELISAs), 

5 and steady state cytokine mRNA levels in joints {e.g., TNFa, IFNy, IL-lp, IL-IRa, EL-6, II- 
18, MLF, TNFp, LTp, TGFpl, TGFP2). Some preferred embodiments of the present 
invention comprise a IL-32 antibody or a IL-32 antagonist that reduces clinical disease 
activity scores and histological scores of joint damage, by at least 50% (more preferably by 
at least 75%, and most preferably by at least 90%). Other preferred embodiments comprise 

10 an IL-32 antibody or an IL-32 antagonist that reduces CH-induced lymphocyte proliferation, 
and/or serum levels of collagen binding IgG antibodies, by at least 50% (more preferably by 
at least 75%, and most preferably by at least 90%). Particularly preferred embodiments, 
comprise an IL-32 antibody or an IL-32 antagonist that reduces steady state mRNA levels 
of TNFa, IFNy, and/or IL-lp in isolated joints, by at least 50% (more preferably by at least 

15 75%, and most preferably by at least 90%). Importantly, preferred embodiments 

comprising the IL-32 antibodies or IL-32 antagonists described herein, are contemplated to 
find use in the treatment of human rheumatoid arthritis patients, using methods similar to 
that employed for administration of TNF-reactive antibodies (infliximab/REMICADE and 
adalimumab/HUMIRA) and soluble TNF-receptor/immunoglobulin fusion proteins 

20 (etanercept/ENBREL). 

EXAMPLE 8 
Biological Activity of Recombinant IL-32 

EL-32a induced significant amounts of TNFa and MEP-2 and increased the 
25 production of both cytokines in a dose dependent manner as shown in Figure 6 A. The 
biological activity of IL-32a as then compared with that of IL-32p, which has a full C- 
terminus. IL-32p induced similar the levels of TNFa and MIP-2 as did DL-32a in the 
mouse macrophage Raw cell line (Figure 6B). Although all the experiments were 
performed in the presence of polymyxin B (5 |xg/ml), the possibility of endotoxin 
30 contamination of the recombinant proteins produced in E. coli could not be ruled out. 

Recombinant IL-32 was also produced in a mammalian system in order to avoid 
endotoxin contamination. The rIL-32p was produced from three different sources of 
mammalian cells, Anjou65 stable clone, Cos7 stable clone (Cos7-S), and Cos7 transient 
transfectant (Cos7-T). The transient and stable cloned cells were cultured in 0.5% FCS for 
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4 days, before harvest. As the maximum yield of mammalian rIL-32p was only 1 ng/ml 
and IL-32a was below 100 pg/ml concentration, each endotoxin free mammalian rIL-32(3 
was purified using an affinity column prepared by immobilizing an anti-IL-32p mAb to 
agarose beads (Affi-Gel Hz, Bio-Rad) in the presence of sodium azide (0.2%) to prevent 

5 microorganism contamination during purification. The purified rIL-32 was dialyzed against 
RPMI containing penicillin/streptomycin (10 |ng/ml) overnight at 4°C prior to use for 
bioassay. All three mammalian rIL-32p preparations induced TNFa in human PMA- 
differentiated THP-1 cells and in mouse Raw cells, respectively (Figure 6C). E. coli rlL- 
32a and mammalian rEL-32p increased human TNFa product in PMA differentiated-THP-1 

10 cells in a dose dependent manner (Figure 6D). Furthermore, the high unit E. coli rIL-32a 
and mammalian Anjou 65 rIL-32p preparations induced human IL-8 in undifferentiated- 
THP-1 cells, whereas the mock Anjou65 transfectants did not (Figure 6E). 

EXAMPLE 9 

15 Production of a Neutralizing Fab Fragment of an Anti-EL-32 Monoclonal 

Antibody 

A five week old female Balb/c mouse was immunized with 20 jig of rIL-32p antigen 
emulsified in Freund's complete adjuvant (Sigma). On days 14 and 21, the mouse was 
given an intravenous and intraperitoneal injection with the antigen emulsified in Freund's 

20 incomplete adjuvant (Sigma). After three injections, the mouse was sacrificed, the spleen 
was aseptically harvested, and splenocytes were prepared for fusion. Briefly, 1 x 10 7 
splenocytes and 1 x 10 6 NS-1 mouse myeloma cells (ATCC) were fused using polyethylene 
glycol 1500 (Roche Applied Science. Indianapolis, IN). Fused cells were resuspended at 1 
x 10 6 cells/ml in hybridoma growth media with 10% FCS and HAT, and plated in 96 well 

25 plates. After 2 weeks, the culture supernatants of hybridomas were titrated in an indirect 
ELISA. Monoclonal antibody classes and subclasses were determined using an 
IMMUNO-TYPE mouse monoclonal antibody isotyping kit (BD Bioscience, San Diego, 
CA) according to the manufacturer's instructions. 

Approximately 5 x 10 6 cells of two hybridomas 32-4 (IgGi) and 32-9 (IgGi) were 

30 intraperitoneally injected into an 8 week old female Balb/c mouse. After one week, ascites 
fluid was collected using a sterile hypodermic needle. Antibodies from the ascites' 
supernatant was purified by using a protein A Sepharose column (Bio-Rad), and eluted with 
0.1 M glycine-HCl, pH 2.7. The eluted mAbs were dialyzed in PBS, and purified 
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antibodies were concentrated using Centricon concentrators (YM-50, Life Sciences, Ann 
Arbor, MI). The concentration of purified antibody was determined by measuring 
absorbance at 280 nm. 

As the affinity-purified monoclonal antibody (32-4) against rIL-32{3 induced a high 

5 background level of mTNFct, a Fab fragment of this monoclonal (mAb) was prepared. 

Briefly, Fab fragments of the purified anti-IL-32 mAb (32-4) were generated by incubating 
with immobilized-Pepsin (PIERCE, Rockford, DL) at 37°C for 4h. Fc fragments and 
residual uncleaved mAbs were removed by using protein G Sepharose (Amersham 
Biosciences, Uppsla, Sweden). The Fab fragment was dialyzed against PBS overnight at 

10 4°C and subjected to SDS-PAGE in order to confirm that cleavage was complete. The 
background level reduced dramatically after removing the Fc fragment, permitting the 
assessment the IL-32 neutralization activity of the anti-rEL-32p mAb. As shown in Figure 
7 A, the Fab of the 32-4 mAb (50ng/ml) inhibited the biological activity of E. coli rEL-32a 
by more than 70%. As shown in Figure 7B, the same Fab inhibits the biological activity of 

15 the affinity purified Cos7-S rIL-32p by greater than 65%. Higher concentrations of the Fab 
fragment didn't further inhibit IL-32-induced TNFa production in these assays. 

EXAMPLE 10 

Therapeutic Effect of BL-32-Antibodies and BL-32 Inhibitors 
20 in a Murine Model of Inflammatory Bowel Disease 

This example provides details of the experiments conducted to assess the effect of 
EL-32-antibodies and IL-32 antagonists {e.g., soluble IL-32 receptors, dominant-negative 
IL-32 variants, small molecule inhibitors, etc.) as therapeutics for the treatment of dextran 
sulphate sodium (DSS)-induced colitis in mice. 

25 Briefly, colitis is induced in 8-10 week old female C57BL/6 mice (Taconic 

Laboratories) by administering 2% (wt/vol) dextran sodium sulphate (DSS, MW 40,000 
from ICN Biochemicals) from day 0 to day 7 in the drinking water ad libitum, followed by 
return to normal water as known in the art (Sivakumar et ah, Gut, 50:812-820, 2002). Mice 
are weighed every day beginning on day 0 and weight changes are recorded until day 13. 

30 Percent weight change for each mouse is calculated as follows: percent weight change = 
(weight on specific day - weight on day 0)/weight on day 0 x 100. Groups of mice are 
treated with: a control protein (50 fig or 500 jig); murine anti-EL-32 mAb (50 \xg or 500 \ig); 
and recombinant IL-32 antagonist (e.g., IL-32 receptor-IgGl Fc fusion protein or dominant- 
negative IL-32 variant, at 50 |ig or 500 \xg\ each in a volume of 200 jal per injection 
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(endotoxin-free PBS). Mice are injected IP from day 0 to day 7. The mice are sacrificed on 
days 0, 2, 4, 6, or 8 following the start of DSS treatment, by anesthesia and cervical 
dislocation, and tissues (e.g., large intestine, lymph nodes) are removed and processed for 
RNA extraction, histopathology and cytokine analysis, using methods known in the art. It 
is contemplated that administration of IL-32 antagonists is suitable for attenuation of 
inflammation during DSS induced colitis in mice, and that neutralizing IL-32 activity is of 
benefit for ameliorating the inflammation associated with intestinal diseases. 

EXAMPLE 11 

Therapeutic Effect of IL-32-Antibodies and EL-32 Inhibitors 
in a Murine Model of Hepatitis 

This example provides details of the experiments conducted to assess the effect of 
IL-32-antibodies and IL-32 antagonists (e.g., soluble IL-32 receptors, dominant-negative 
IL-32 variants, small molecule inhibitors, etc.) as therapeutics for the treatment of LPS- 
induced liver injury in mice primed with heat-killed Propioibacterium acnes (model of 
Fas/FasL-mediated liver disease). 

Briefly, hepatitis is induced in 8-10 week old female BALB/c mice (Charles River 
Laboratories) by administering 500 jag/mouse IV of heat-killed P. acnes (Ribi Immuno- 
Chem Research) and 12 days later they are challenged with 50 |ag/kg LPS IV as known in 
the art (Faggioni et al, J Immunol, 167:5913-5920, 2001). Groups of mice are treated with: 
a control protein (50 jag or 500 |ig); murine anti-IL-32 mAb (50 ^ig or 500 jag); and 
recombinant IL-32 antagonist (e.g., IL-32 receptor-IgGl Fc fusion protein or dominant- 
negative IL-32 variant, at 50 jug or 500 pg), each in a volume of 200 jal per injection 
(endotoxin-free PBS). Mice are injected IP either at the time of P. acnes administration or 
10 min before LPS challenge. Mice are monitored for survival or sacrificed to collect livers 
for histological examination, mRNA and chemokine measurements, and blood for serum 
IFN-T and transaminase measurements using methods known in the art. It is contemplated 
that administration of EL-32 antagonists is suitable for preventing LPS-induced liver damage 
and IFN-r and Fas ligand expression when administered 10 minutes before LPS challenge 
pf P.acnas-primed mice. In addition, the administration of IL-32 antagonists is 
contemplated to be suitable for decreasing P. ac/zas-induced granuloma formation, 
macrophage-inflammatory protein- lor and macrophage-inflammatory protein-2 production, 
when given at the moment of priming with P. acnes. Thus it is contemplated that patients 
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with liver diseases such as HCV-induced hepatitis, autoimmune hepatitis, and primary 
biliary cirrhosis will benefit from a therapy regimen comprising an IL-32 antagonist. 



EXAMPLE 12 

5 Therapeutic Effect of IL-32-Antibodies and IL-32 Inhibitors 

in a Murine Model of Ischemic Disease 

This example provides details of the experiments conducted to assess the effect of 
IL-32-antibodies and IL-32 antagonists (e.g., soluble IL-32 receptors, dominant-negative 
IL-32 variants, small molecule inhibitors, etc.) as therapeutics for stimulating tissue 

10 neovascularization in response to ischemic injury. 

Briefly, male C57BL/6J mice undergo surgery to induce unilateral hindlimb 
ischemia using methods known in the art (Mallat et al, Circ Res, 91:441-448, 2002). 
Animals are anesthetized by isoflurane inhalation. The ligature is performed on the right 
femoral artery, 0.5 cm proximal to the bifurcation of the saphenous and popliteal arteries, 

15 and then housed under conventional conditions for 3 or 28 days. Groups of mice are treated 
with: a control protein (50 jxg or 500 |ug); murine anti-IL-32 mAb (50 p,g or 500 jLXg); and 
recombinant IL-32 antagonist (e.g., IL-32 receptor-IgGl Fc fusion protein or dominant- 
negative IL-32 variant, at 50 |ag or 500 jig), each in a volume of 200 fil per injection 
(endotoxin-free PBS). Mice are injected IP at day 0, and day 7. The degree of angiogenesis 

20 is quantified on days 3 and 10, by measuring vessel density by microangiography, and 
ischemia-induced changes in vascularization is monitored by laser Doppler perfusion 
imaging. It is contemplated that administration of IL-32 antagonists is suitable for 
stimulating tissue neovascularization in response to ischemic injury. 

25 All publications and patents mentioned in the above specification are herein 

incorporated by reference. Various modifications and variations of the described method 
and system of the invention will be apparent to those skilled in the art without departing 
from the scope and spirit of the invention. Although the invention has been described in 
connection with specific preferred embodiments, it should be understood that the invention 

30 as claimed should not be unduly limited to such specific embodiments. Indeed, various 
modifications of the described modes for carrying out the invention, which are obvious to 
those skilled in molecular biology, genetics, immunology or related fields are intended to be 
within the scope of the claims. 
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